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SUMMER COURSE ON GLASS AT M. I. T. 


A special program dealing with the nature of glass presented a symposium on the innate structure 
of glass from different points of view, with laboratory procedure for measuring properties of glass. 


& .ientists to the number of about a dozen and a half, 
from American industrial plants and laboratories, list- 
enced intently during the week of July 11th as several 
leading exponents of various methods for the study of 
the structure of glass explained their work. The occa- 
sion was the first summer course devoted to glass at the 
Massachusetts Institute of Technology and was offered by 
the Ceramics Division of the Metallurgy Department. 
Such summer activity in ceramics began last year with 
the offering of a course on clay and the results were so 
encouraging to Professor F. H. Norton, head of the Cera- 
mics Division, that it was decided to add a course on 
glass in 1938. A one-week lecture, discussion and lab- 
oratory course on “The Nature of Glass” was, therefore, 
arranged and it was followed a week later by the second 
summer course on clay. 

In arranging this summer course on glass, Professor 
Norton and his associates showed rare discrimination and 
foresight and the enthusiasm engendered by the program 
among those who attended shows the basic soundness of 
the idea as well as the great general value of such ac- 
tivity to the glass industry. When planning the course 
it was recognized that plant laboratory men need, at 
times, to make intimate contact with the most modern 
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scientific developments in the glass field; the subject 
matter selected was broad in scope and of general inter- 
est and importance; and the men selected to present the 
lectures are in the very forefront of American research on 
the structure of glass. 

The effectiveness of the presentation was, of course, 
greatly enhanced by the excellent laboratory facilities at 
M. I. T. The “students” were not only led through the 
intricacies of X-ray diffraction by Professor Warren, but 
they also participated in the actual taking and analysis 
of diffraction patterns; Dr. Weyl’s explanations of color 
absorption were followed by use of the spectrophotometer 
developed and built by Professor Hardy, that weird ma- 
chine that automatically draws the color transmission 
curve after the sample and a sheet of graph paper have 
been inserted; and so on throughout all the subjects 
covered. 


The Lecture Program 


In the present state of investigations into the structure 
of glass it could not be expected that anything of major 
practical advantage could be derived from this course. 
As a matter of fact, it can only be said that a fair be- 
ginning in the scientific study has been made and that 
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accomplishments to date consist largely in the consolida- 
tion of positions from which further attacks on the prob- 
lem can be made. For instance, several years of skirm- 
ishing about the “transformation point” have produced 
sufficient evidence that it just is not there and the curves 
of glass properties go practically undisturbed from low to 
high temperatures. The atomic arrangement in the glass 
structure, at least for the simple melts, is also well estab- 
lished. These and other recent achievements point out 
many avenues of approach to the ultimate goal of full 
knowledge of the nature of glass, but much remains to be 
done and no one cares to predict the final outcome until 
much more evidence is available. 

The practical glass man may well be excused, or at 
least understood, when he expresses the opinion that the 
scientists are just trying to pin a mathematical formula 
on something that everybody knows anyway. But the 
short-sighted view does not show the true picture. The 
greatly needed improvements in control and the devel- 
opment of new products and processes can only come in 
any great extent through better scientific knowledge, and 
the long, painstaking process must be gone through. 
Haphazard, cut-and-try methods, in the long run, are just 
as painful as organized research and probably less pro- 
ductive. Physicists and chemists, with some difficulties in 
terminology, of course, are beginning to get together on a 
tenable concept of the nature of glass and one of the best 
features of the course at M. I. T. was the opportunity to 
view this concept from many standpoints. It is encour- 
aging that the curtain is being lifted here and there and 
that the whole picture may eventually appear. 

Subjects and speakers were as follows: The Nature of 
Glass as Interpreted by X-Ray Studies, by Professor B. 
FE. Warren, Mass. Inst. of Tech; The Nature of Glass as 
Interpreted by Light Absorption, by Dr. W. Wey], 
Kaiser Wilhelm Inst. for Silicate Research; The Nature of 
Glass as Interpreted by Its Viscous Properties, by Dr. 
H. R. Lillie, Corning Glass Works; The Nature of Glass 
as Interpreted by Devitrification, by Dr. H. H. Blau, 
Corning Glass Works; The Nature of Glass—A Summary, 
by Dr. G. W. Morey, Carnegie Institution of Washington. 


The Discussions 


Plenty of time was allotted for questions and discussion 
after each lecture, this part of the program proving most 
interesting and even entertaining at times. The small 
size of the group produced an atmosphere of informality 
in which the class gave full play to its imagination 
through questions that nobody could answer completely 
and prognostications that nobody could prove. The 
speakers were perfectly willing to describe failures and 
limitations, as well as accomplishments, and to show the 
absurd results derived from too great extrapolation of 
available data, but they did agree on the significance of 
the work already done and made valuable suggestions for 
further effort. 

Warren and Lillie seemed particularly modest in their 
claims regarding the approaches to the nature of glass 
which they described. Warren stated unequivocally that, 
in the present state of the art, the X-ray method appar- 
ently is useless for the analysis of the effect of minor 
constituents under about 10 per cent, thus eliminating the 
consideration of many important commercial glasses by 
this method. Lillie, in turn, doubted that the data de- 
rived so far from viscosity studies were of any great im- 
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portance in determining the actual nature of glass, but 
both agreed that the viscosity study might eventually be 
of greatest use in showing the glass structure during its 
dynamic phases, with the X-ray providing an accurate 
picture of static conditions. 


The Laboratory Program 


Throughout the course the afternoons were given over 
to laboratory work, the experiments having been designed 
to familiarize the participants with modern apparatus 
for measuring the properties of glass. Perhaps the great- 
est interest was created by the X-ray diffraction experi- 
ment, because of the outstanding and recent work of 
Warren and Biscoe in this laboratory. X-ray patterns of 
vitreous silica and cristobalite crystals were made and 
analyzed. A demonstration of the harmonic analyzer 
used in the Fourier analysis was also of interest in this 
work. 

Other laboratory work included the determination of 
the expansion curve of a glass up to its melting point, 
using a newly developed furnace of high precision; the 
measurement of the viscosity of a glass by the fiber 
method; and the illustration of nuclear formation and 
crystal growth by controlled heat treatment. Also of 
great interest was the demonstration of the Hardy color 
analyzer, by means of which the transmission properties 
of a number of glasses were measured and automatically 
plotted. 


Those Who Attended 


By no means all of the registrants in the M. I. T. sum- 
mer course are directly connected with glass manufactur- 
ing, as the following list shows: 

Philip D. Balcom, Quincy, Mass. 

Helen B. Barlett, A C Spark Plug Division, General 
Motors Corp., Flint, Mich. 

S. F. Brown, Mass. Inst. of Tech., Cambridge, Mass. 

W. F. Curtis, Fostoria Glass Co., Moundsville, W. Va. 

A. J. Deyrup, E. I. duPont de Nemours & Co., Perth 
Amboy, N. J. 

Charles O. Duevel, Jr., American Thermos Bottle Co., 
Norwich, Conn. . 

W. A. Fraser, Bausch & Lomb Co., Rochester, N. Y. 

L. G. Ghering, Butler, Pa. 

S. P. Greaves, Antidolar Mfg. Co., Springville, N. Y. 

F. P. Hall, Onondaga Pottery Co., Syracuse, N. Y. 

M. Myerson, Ideal Tooth, Inc., Cambridge, Mass. 

J. B. Patch, Whitall Tatum Co., Millville, N. J. 

A. G. Pincus, American Optical Co., Southbridge, Mass. 

H. E. Simpson, Mellon Inst. of Industrial Research, 
Pittsburgh, Pa. 

J. G. Venable, Chattanooga Glass Co., Chattanooga, Tenn. 

R. W. Wampler, Libbey-Owens-Ford Glass Co., Toledo, 0. 

Harry Whittaker, Trenton Potteries Co., Trenton, N. J. 

R. A. Schoenlaub, Owens-Illinois Glass Co., Newark, Ohio. 


The Nature of Glass as Interpreted by X-Ray 
Studies. By Professor Warren. 

X-ray studies have been helpful in establishing a pic- 
ture of the glassy state in two different ways. First, the 
X-ray determination of the structure of crystalline sili- 
cates has led to the formulation of certain simple laws of 
structural silicate chemistry which are of great help in 
predicting the type of atomic arrangements to be ex- 
pected in glass. Second, the direct interpretation of the 
X-ray diffraction patterns for glass has given the inter- 
atomic distances and the number of atoms of one kind sur- 
rounding another kind in the glass. 
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From X-ray studies of crystalline silicates it has been 
found that the silicon atom is always tetrahedrally sur- 
rounded by four oxygen atoms with a silicon-oxygen dis- 
tance of about 1.60 A (1.60 x 10° cm.). When the 
oxygen-silicon ratio is 4:1, independent SiO: groups 
exist, as in the orthosilicate Forsterite, Mg:Si0.. But 
when the oxygen-silicon ratio is less than 4:1, part of 
the oxygens are shared between two tetrahedral groups. 
For example, in Melilite, CasMgSi:O., independent Si-O: 
groups exist with one oxygen shared between two SiO: 
groups. In the various forms of silica every oxygen is 
shared between two silicons, in order that each silicon 
may be surrounded by four oxygens, but in the sharing of 
oxygens no two tetrahedral groups ever share more than 
one oxygen hetween them. 

The tetrahedral grouping of four oxygens about each 
silicon in all condensed forms of silicates is the most 
fundamental law of structural silicate chemistry. There 
is no such thing as a silica molecule, SiO, in any con- 
densed form of silicate. 

From a Fourier analysis of the X-ray pattern of a 
glass one obtains directly a radial distribution curve 
which gives the distribution of neighboring atoms at any 
distance from each type of atom. For instance, the radial 
distribution curve obtained from the X-ray pattern of 
vitreous silica shows a number of peaks which may be 
interpreted. The first peak shows that each silicon is 
surrounded by four oxygens at a distance of about 
1.02 A; the second peak gives the oxygen neighbors of 
each oxygen; and the third peak indicates the distance 
from each silicon to its nearest silicon neighbors. 

Thus we are led to an atomic picture of silica glass. 
Every silicon is tetrahedrally surrounded by four oxygens 
at a distance of 1.62 A and each oxygen is bonded be- 
tween two silicons. Roughly, the two bonds to an oxygen 
are diametrically opposite, but not exactly so, neces- 
sarily. Except for these few requirements, the structure is 
a random one. There is sufficient flexibility in the 
scheme of structure so that there is no regular repetition 
and the material is, therefore, non-crystalline. In the 
X-ray pattern for silica glass, studies of line breadth and 
small-angle scattering show that, although there may 
possibly be a small amount of crystalline material such 
as cristobalite, the major part of the material is in a form 
which cannot be called crystalline. 

The distribution curves for a series of soda-silica 
glasses show that again each silicon is tetrahedrally sur- 
rounded by four oxygens. The sodium exists in the struc- 
ture as sodium ions arranged at random in the holes in 
the silicon-oxygen network, each sodium ion Na* being 
surrounded by about six oxygens. The accompanying 
figure illustrates schematically the structure of a soda- 
silicon glass and is schematic because it is a two-dimen- 
sional figure in which each silicon can be shown bonded 
to only three oxygens. In three dimensions, of course, 
the silicon is actually bonded tetrahedrally to four oxy- 
gens. Since the oxygen-silicon ratio in this glass is 
greater than 2:1, it will be noted that part of the 
oxygens are bonded to only one silicon. 

Electrical conduction of the glass is readily explained 
by the structure shown. The atoms of the silicon-oxygen 
network are oscillating about mean positions under the 
influence of their temperature motion, so that the discon- 
tinuities in the network are continually changing. Then, 
under the influence of the electric field, the loosely bound 
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Schematic representation in two dimensions of the struc- 
ture of soda-silica glasses. 


sodium ion falls step fashion from one network hole to 
another as conditions make the step possible. 

The lowering of the softening temperature by the addi- 
tion of soda to silica is nicely explained also. In vitreous 
silica there is a complete system of bonding in three 
dimensions, each silicon to 4 oxygens and each oxygen 
to 2 silicons. But when soda is added, breaks occur in 
the silicon-oxygen framework due to some of the oxygens 
being bonded to only one silicon and, with more and 
more breaks in the strong silicon-oxygen network, the 
structure is more loosely tied together. Under these con- 
ditions displacements and changes in configuration can 
more easily occur. 

In soda-boric oxide glasses the borons are partly in 
triangular and partly in tetrahedral coordination, the 
amount in tetrahedral arrangement increasing with an 
increase in soda content. Anomalous effects, such as the 
maxima and minima in the physical properties of soda- 
boric oxide-silica glasses, are readily explained by this 
ability of the boron atom to change from triangular to 
tetrahedral coordination. 


The Nature of Glass—A Summary. By Dr. Morey. 


There are two questions in dispute which vitally con- 
cern our views as to the nature of glass, namely, the ex- 
istence of a “transformation point” and the existence of 
compounds in glass. The empirical Adams and William- 
son law for the release of strain represents the facts in 
the upper part of the annealing range, but its failure to 
represent the facts increases as the temperature is low- 
ered. Furthermore, it leads to an impossible relationship 
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between the rate of release of strain and the amount of 
strain present, but, as Dr. Lillie has said, proper appli- 
cation of the viscosity-time relations confirms a modified 
form of the Maxwell equation. 

When considering the “transformation point” such 
factors as heat effects, density, refraction index, coefficient 
of expansion and electrical conductivity must be investi- 
gated, as well as the release of mechanical strain. After 
all, the differences in opinion are not as regards facts, 
but rather in their interpretation, but certain findings 
disprove the reality of the “transformation point.” These 
include devitrification, the effect of a change in the heat- 
ing rate and the work by Dr. Lillie which he has already 
adequately described. A study of the specific heat of 
glycerine is somewhat analogous to glass and serves to 
show no point of departure from a smooth curve of the 
property. 

‘The concept of compounds in glass is a natural extru- 
sion of well-founded views as to other solutions. But as 
a matter of fact, nothing much is known regarding the 
constitution of highly concentrated solutions, glassy or 
otherwise, and the phase equilibrium diagram gives no 
information as to the compounds present in the liquid 
phase, because there is no known correlation between the 
properties of a homogeneous system and those of the 
heterogeneous system formed from it on crystallization. 
Furthermore, evidence based on the volatilization of 
alkali-silicate glasses does not indicate compound forma- 
tion. Arguments based on the variation of physical prop- 
erties with composition, in which it is considered that 
such variation is represented not by a continuous curve 
but by a series of straight lines determined by the com- 
position of hypothetical compounds, are shown to be 
theoretically improbable and not in accord with the facts. 

Recent speculations on the constitution of glass based 
on X-ray evidence and recent studies of glasses by means 
of X-rays indicate that the glassy state is distinguished 
by a random non-repeating atomic network. This con- 
clusion is in harmony with the view that glass is an 
undercooled liquid representing a solution in which def- 
inite compounds cannot be identified. For a modern 
definition it may be said that “Glass is an inorganic 
chemical substance in a condition continuous with and 
analogous to the liquid state of the substance, but which 
has reached such a high viscosity as to be practically 
rigid.” 


The Nature of Glass as Interpreted by Light Ab- 
sorption. By Dr. Weyl. 

A complete understanding of the nature of glass re- 
quires the knowledge of three main factors: chemical 
composition, atomic structure and interatomic forces. All 
attempts to correlate the properties of glasses with their 
chemical composition only have failed. The rules pro- 
mulgated by Winkelmann and Schott are valid only over 
small ranges, and the properties of different glasses may 
be only roughly guessed from a knowledge of their chem- 
ical composition. 

The picture of the atomic structure has contributed 
considerably to the understanding of the vitreous state, as 
it has been pointed out by Dr. Warren. This concept 
explains the relative stability of vitreous silica and the 
increasing tendency to devitrify with increasing amounts 


of alkali. 
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Nevertheless, even the knowledge of the atomic ar- 
rangement cannot explain certain characteristics of the 
glassy state. For instance, if it is desired to explain 
the expansion curve of glasses or the change of proper- 
ties in the softening range, the interionic forces must be 
considered. 

It can be shown that these interatomic or intermole- 
cular forces have a striking similarity to those in associ- 
ated liquids. In associated liquids the molecular attrac- 
tion between the solvent molecule and the solute, also 
termed solvation or the attraction between associated 
molecules, changes with temperature and gives rise to a 
more-or-less pronounced volume change. In glasses such 
a change can take place only above the softening range, 
so that the expansion curve of an ordinary annealed 
glass is a superposition of the thermal expansion and an 
expansion due to a dissociation at high temperatures. In 
terms of the more modern conception it may be said that 
there is a change in the coordination number. 

Light absorption (color) and light emission (fluores- 
cence) provide a sensitive means for investigating such 
changes in association, or in coordination number, of an 
“indicator” introduced into the glass. The application 
of indicator ions for studying the change in the constitu- 
tion of glass with temperature and with different heat 
treatment is shown in the case of neodymium, chromium, 
cobalt and nickel glasses. It is possible to draw anal- 
ogies between these ions in glasses, in solutions of dif- 
ferent solvation power and in crystals of different co- 
ordination number. On this basis the effect of different 
cations in silicate glasses is explained and correlated 
with their influence on viscosity, expansion and tendency 
to cause devitrification. 


The Nature of Glass as Interpreted by Its Viscous 
Properties. By Dr. Lillie. 

Regardless of the details of any particular theory of 
viscosity, as a property, the flow caused by shearing stress 
is the result of a breaking and remaking of the bonds 
which hold together the integral parts of the system. 
Obviously, therefore, any increase in viscosity caused by 
time or temperature, in the absence of pronounced 
changes in structure, must be the result of a statistical 
strengthening of those bonds. 

Viscosity studies have the advantage that they can be 
made under a wide variety of temperature conditions, 
extending from well beyond the liquidus temperature 
down to temperatures at which the material is brittle. 
At any of these temperatures, however, point effects can- 
not be explored, as they can in experiments reported by 
Dr. Weyl. Furthermore, the viscosity represents an even 
broader average of point properties than does X-ray dif- 
fraction, and it cannot be measured at room temperature. 

On the other hand, viscosity does play a dual role, 
since it is, throughout the measurable range of tem- 
peratures, a property not only of great importance to 
the manufacturer, but also of fundamental interest. 
Secondly, in addition to its significance as a property, it 
goes further in being a controlling factor in preventing 
the growth of crystals in the region directly below the 
liquidus temperature. For to say that a material is 
capable of forming very strong bonds in a random net- 
work is to say that it is capable of attaining a sufficiently 
high viscosity to preserve that network, despite its tend- 
ency toward crystallization. 
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Most viscosity studies have been made for the purpose 
of learning the general nature of the glassy state and 
with little regard to composition. These studies have 
indicated that all glasses are qualitatively similar, all 
being purely viscous throughout the measuring range 
and all having the same behaviourisms. The study has, 
moreover, led to the discovery of many interesting 
phenomena which glass exhibits, especially for tempera- 
tures at and below the annealing point. 

Between melting temperatures and the softening point 
(logw » = 7.6) the viscosity rises without discontinuity 
of any kind, there being nothing in the behaviour of the 
glass to indicate the setting in of saturation at the liquidus 
temperature. There is, however, a progressive increase 
in the slope of the log y vs. absolute-temperature- 
reciprocal curve and this can be interpreted as a con- 
tinuous strengthening of the bonds. in addition to the 
simple cooling effect. Such additional strengthening 
must be the result of some readjustment of the atomic 
arrangement. It is believed that, regardless of tempera- 
ture, the same definite network arrangement in which all 
bonds are satisfied to a maximum degree is being sought, 
but that thermal agitation is responsible for the 
equilibrium degree of approach toward this desired ar- 
rangement. Thus, for each temperature, a statistical 
equilibrium condition is reached, its degree of perfec- 
tion uniquely determined by the temperature. 

Between the softening and annealing points little has 
been done except to show that fiber elongation yields 
results overlapping those obtained by concentric cylinder 
methods. The rearrangement process described above 
continues undisturbed. 

Viscosity measurements in the region directly below 
the annealing point have led to the following conclusions, 
among others: 

1. Time becomes an important factor in determining 
the observed viscosity and this applies to other properties 
as well. Although the equilibrium atomic arrangement 
is still uniquely determined by the temperature, the speed 
with which the equilibrium is reached is enormously de- 
creased with falling temperature until, at less than 100 
deg. C. below the annealing point, the rate essentially 
vanishes. 

2. This dependence of viscosity upon time has given 
rise to the empirical accuracy of the Adams and William- 
son annealing law. Proper application of the viscosity- 
time relations confirms a modified form of the Maxwell 


He os - iy has been discussed 


equation: — — = : . 
in previous papers. 
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3. The “transformation point” must be interpreted as 
the temperature at which the lag between temperature 
and the adjustment of the atomic bonding becomes ap- 
preciable. The “glassy state” must be interpreted as a 
liquid state in which conditions are far removed from 
equilibrium. A study of viscosity-time-temperature re- 
lations shows that if, in a given test with new samples 
for each determination a certain time be allowed for 
equilibrium approach, the “transformation point” will 
appear at different viscosities, as follows: 


Time Viscosity 
1.4 min. 2X 10" poises 
4) > Salina 
2.4 hr. 2i%107.. “ 
1 day fase” * 
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Thus, the “transformation point” is usually observed at 
about 10!” poises. 

4. In order to measure a property of glass at essen- 
tially its final equilibrium value, approximately the fol- 
lowing lengths of time should be allowed: 


Deg. C. below the 


annealing point Time 
0 2 hrs. 
10 6 ™ 
20 100 “ 
30 20 days 
40 100 “ 


There have been no thorough researches on viscosity- 
composition relations which can be used in a discussion 
of the nature of glass from this point of view, except for 
studies on the soda-silica binary. Most recent of these 
is the work of E. Preston, who finds a sharp minimum 
in viscosity, even at 1,400° C., at the composition ot 
Na:O.2Si0: and interprets it to mean the presence of this 
molecule in the glass. An effort to duplicate this sharp 
minimum has led the speaker to the tentative conclusion 
that, although his viscosity values are generally in ex- 
cellent agreement with those of Preston, the minimum 
found by the latter is probably spurious. Further dis- 
cussion of this will be delayed pending further experi- 
mentation. 

In general it may be concluded that: 1. Viscosity 
measurements have added little, so far, to our knowledge 
of glass constitution. This appears to be due to the cir- 
cumstance that, if our present concepts of the nature of 
the vitreous network are correct, viscosity discontinuities, 
etc., with temperature or composition, must be absent 
and results derived in this way, therefore, must be nega- 
tive. Even so they are of value in explaining various 
other properties of glass and, simply by their negative 
nature, add a silent confirmation to the concept. 2. The 
observations do not in any way contradict the concept 
of Dr. Warren of a random network devoid of crystal- 
lites or “compounds,” and further support the contention 
of Dr. Littleton that “there are no critical temperatures 
in the properties of glasses.” 


The Nature of Glass as Interpreted by Devitrifica- 
tion. By Dr. Blau. 


Devitrification affords an interesting approach to the 
study of the nature and constitution of glass. This is 
surprising in view of the fact that it involves processes 
by which glasses lose their commonly characteristic 
properties and substances which are not glasses in the 
strictest sense. The commoner definition of devitrifica- 
tion may be extended so as to embrace the separation of 
a second, additional phase from a glass, whether that 
additional phase is definitely crystalline or not. Thus 
it may be interpreted to include the separation of dis- 
perse phases, since this constitutes a departure from the 
continuous, homogeneous, isotropic, single-phase sub- 
stance ordinarily considered as true glass. 

Phase equilibrium studies are the usual approaches to 
the study of devitrification phenomena. They tell little 
of the possible constitution of glasses, but indicate that 
dissociation takes place on melting. The flat, well- 
rounded, liquidus surfaces and the not uncommon in- 
congruent melting points of the glass-forming systems 


297 


























































indicate that no new species of solute ions or molecules 
are introduced into the fusion when a compound melts. 
Phase equilibrium diagrams merely indicate the ultimate 
crystalline form that separates from a glass when it is 
cooled at an infinitesimally slow rate, but do not give 
clues as to the first form of association which may take 
place. 

These diagrams indicate dissociation, but do not give 
convincing proof that no compounds are present. The 
classical theories of dissociation would demand the pres- 
ence of some undissociated material in equilibrium with 
the ions, but the newer views of Milner, Debye and 
Hiickel would call for complete dissociation and would 
also require consideration of localized zones of positive 
and negative ions which would constitute fairly definite 
types of statistical groupings. These ionic atmospheres 
may play an important role in the rebalancing of bond 
energy and ion distribution at higher viscosities. 

More direct information can be. obtained about the 
possible constitution of glasses from the standpoint of 
kinetics than is possible from equilibrium studies. Many 
glasses which are white and diffusing, like opal, show 
no well-defined X-ray diffraction patterns, even though 
they scatter the light falling on them. Such glasses 
show narrow-angle, X-ray scattering and also develop 
sharp lines characteristic of crystalline material after 
heat treatment. A study of the available X-ray data, 
together with the detailed factors influencing the scat- 
tering of light, brings out the fact that some crystalline 
material may be present in common transparent glasses, 
even though X-ray investigation has not shown its 
presence. The sizes and concentrations of such crys- 
talline or quasi-crystalline material are such that they 
may readily affect the general behavior of such glasses. 
The disperse phases may be crystalline or amorphous 
and may have a wide range of influences on the glasses. 

The curves for crystalline growth can be reconciled 
with the requirements of thermodynamic equilibrium 
data, such as liquidous values. The reasoning that 
renders these divergent views consistent also suggests 
the probable influences of energy distributions of the 
Maxwell-Boltzmann functions and the roles of potential 
energy barriers in devitrification processes. Many of 
the past inconsistencies may be minimized or removed 
by the consideration of potential energy barriers. The 
fact that these are of relatively great magnitude in glass- 
forming systems may be taken as the primary and 
most fundamental characteristic of glasses. Such bar- 
riers may be interpreted an analogous to the bonds and 
bond energies of glass structure models, as advanced 
by X-ray investigators, but constitute a more abstract 
and perfectly general method of expressing these con- 
cepts. 

These potential energy barriers are the results of 
bond energy restrictions and restrain the translation of 
ions and atoms, as well as their rotation or relative 
orientation. This limits the possible property adjust- 
ments in the viscosity ranges of 10° to 10'* poises and, 
in turn, may be used to explain the limits of viscous and 
other property equilibria as a result of the thermal his- 
tories of glasses. The possible ion environment relations 
in the fusion can thus only be adjusted to certain degrees, 
because the bond forces become greater and the thermal 
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energy relatively smaller as glass cools. These adjust- 
ments can be interpreted to explain the anomalies of 
thermal history as they influence equilibrium viscosity 
values, densities, color and refractive indices, as well as 
energy changes of the type reported by A. Q. Tool. 

Association and devitrification are similar in funda- 
mental character and there is probably no very definite 
line of distinction between them in glasses. They in- 
fluence markedly the general behavior of glasses. Even 
devitrification can not be precluded as the explanation 
of a number of the unusual features of common trans- 
parent glasses and the presence of definite and periodic 
arrangement to an important degree is entirely plausible 
in the light of existing information. 

From a chemical standpoint the presence of minor 
constituents has recently been proven of great import- 
ance in many substances. There are valid reasons for 
believing that minor constituents are of at least corre- 
sponding moment from a physical standpoint. Similarly, 
imperfection of structure has been shown to be char- 
acteristic of crystals. There is little reason to believe 
that glass is the perfectly random network of atoms 
commonly depicted and the imperfections of glass are 
probably small crystalline aggregates or associated 
bodies. 

The better ana more intimate coordinativn of various 
types of investigation of glasses offers great possibilities 
in solving the remaining, outstanding problems con- 
cerned with the constitution of glasses. The extension 
of the range of compositions and the greater considera- 
tion of thermal histories seem particularly desirable. 


LIBBEY-OWENS-FORD REOPENS PLANT 
The Rossford, Ohio, plant of the Libbey-Owens-Ford 


Glass Co. was reopened on July 18, giving employment 
to 400 men and bringing to 1,340 the number of persons 
re-employed by the company since April 1. In this 
connection, it is interesting to note that John D. Biggers, 
president of the company, reported a reduction in net 
loss to $50,352 in the quarter ending June 30 as com- 
pared with a loss of $371,527 in the first quarter. 








Using a special lathe, this operator is putting the finishing 
touches to a radio transmitting tube in the Bloomfield, 
N. J., plant of the Westinghouse Electric & Manufacturing 
Co. He is sealing the cathode mount to a bulb assembly 
using a wooden paddle to shape the glass which has been 
softened by gas torches. 
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ALADDIN INDUSTRIES OPERATES VERSATILE LEHR 


Continuous unit of the double-belt type provides good economy in the annealing of a line of glass 
articles with widely varying weights and sizes. 


A: its Alexandria, Indiana, plant Alladin Industries, 
Inc., manufactures a diversified line of illuminating and 
other ware, including lamp chimneys, shades, glass elec- 
tric lamp parts, vacuum bottles and thermal ware inners. 
The annealing problem is further complicated by the 
fact that many types of glass are used, including flint, 
opal, borosilicate, and others, and the sections range in 
thickness from 1/16 in., for lamp chimneys, to as much 
as 1% in. for lamp bases. 

Under these conditions it was obvious, when the in- 
stallation of a new lehr was considered, that equipment 
with the greatest flexibility and versatility was needed. 
From experience it was known that the heavy and light 
sections could be run together in muffle-type lehrs only 
Lb, slowing down the belt and sacrificing production of 
the lighter ware. It was also known that heat drift oc- 
curred in the muffle-type lehr, making proper tempera- 
ture regulation difficult. 

\ll of these considerations pointed toward the double- 
belt type of lehr for the requisite flexibility and toward 
the employment of the re-circulation principle for proper 
heat control. The new lehr was built by the Surface 
Combustion Co. and is shown in the accompanying il- 
lustrations. It is, in reality, two five-foot lehrs in one 
casing, each lehr having its own belt, drive and tempera- 
ture-control mechanism. 

Two other lehrs of this type are in operation at pres- 
ent in the glass industry, but the Aladdin lehr is said to 
incorporate the widest differential in temperature and 
cycle that has been provided up to the present time. 
It can be operated with one side at a temperature of 
800° F., while the temperature on the other side is run- 
ning 1,100° F. Furthermore, with one belt running at 
a speed to provide a time cycle of 22 minutes in the 
tunnel, the belt speed on the other side can be adjusted 
to give an annealing time of 13 hours. 

When the principle of re-circulation is used, as in 
the new Aladdin lehr, the transfer of heat is accomplished 
almost entirely by convection and this type of heating 
has been used very successfully in many industrial fur- 
nace applications, particularly within the temperature 
range from 600 to 1,200° F. In this range radiant heat 
transfer coefficients are comparatively low and it fol- 
lows that in glass lehrs there is a definite limitation to 
the rate of heat flow that can be secured by radiation 
alone. 

Natural gas is used for fuel. Each half of the lehr is 
fired from a bank of automatic proportioning burners 
at the side, the combustion products passing below the 
conveyor into special refractory passages by which the 
hot gases are properly distributed for uniform heating. 
A single re-circulating fan serves both sides of the lehr 
and is located above the roof of the tunnel. This fan 
draws the spent flue gases from the tunnel and re-circu- 
lates them continuously back to the burners, at which 
point a heated mixture with a resultant temperature only 
slightly higher than the desired annealing temperature 
is formed. The heated gas mixture is distributed below 
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the conveyor belt under accurate control and, as it flows 
up around the glass on the conveyor, it produces a rapid 
equalization of temperature in all parts of the ware. A 
part of the heated mixture is also used to control the 
temperatures gradients accurately throughout the critical 
zones of annealing. 

The heat zones of the two halves of the lehr are sep- 
arated by a 9-in. fire-brick wall, but in the cooling zone 
the wall is omitted to allow an exchange of heat between 
the heavier ware on the slow belt and lighter ware on 
the fast belt. It is thus possible to secure on each side a 
cooling curve having the uniformly increasing tempera- 
ture drop associated with the ideal annealing curve. 

The conveyor belts are of the wire-mesh, balanced- 
construction type with close weave. Each has a width 


of five feet and each is driven by a %4-h.p. motor. The 
lehr is 81 ft. long from the charging end plate to the 





Charging end of the new, double-belt, Surface-Combustion 
lehr at Aladdin Industries, Inc. The re-circulating fan that 
serves both sides of the lehr is located in the casing above 
the center. Independent sets of automatic proportioning 
burners are provided for the two heating zones. 





Discharge end of the new double-belt lehr. 
the lehr is annealing heavy lamp-base figurines while the 
other side is handling lamp chimneys. 


One side of 
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center line of the discharge roll. This includes an en- 
closed tunnel 66 ft. long and a 15-ft. discharge table 
extension. The conveyor belt is located 42 in. above 
floor level and a clear height of 20 in. is provided be- 
tween the top of the belt and the bottom of the roof sup- 
ports. 

Because of the more rapid and uniform heat equaliza- 
tion at maximum temperature, together with the accurate 
control of the cooling gradients, an improvement in an- 
nealing quality has been noted, this being especially true 
in the case of lamp chimneys which were formerly most 
difficult to anneal properly. Improvement has also been 
noted in ware having relatively thick and thin sections. 

With the new lehr it is possible to use higher belt 
speeds than formerly through the heating and annealing 
zones. Another factor leading to greater capacity is 
the design of the cooling zone to accelerate the cooling 
rate in this portion of the tunnel and to bring the ware 
out of the lehr at the higher belt speed with a comfort- 
able handling temperature. 

The flue gases leave the lehr at a comparatively low 
temperature, because the products of combustion are 
circulated directly over the ware instead of through a 
separate muffle chamber which necessitates a high tem- 
perature differential. This condition, together with the 
heavier insulation and smaller outside dimensions pos- 
sible with this type of construction, has brought about 
a material reduction in fuel consumption, as compared 
with the former muffle-type lehr. 


COLORED GLASSES FOR EYE GLASSES 


In response to the continuing demand for information 
on colored glasses for protecting the eyes from glare and 
from injurious amounts of ultra-violet and infra-red radi- 
ation, the National Bureau of Standards has published 
a circular (C421) entitled “Spectral-Transmissive Prop- 
eities and Use of Colored Eye-Protective Glasses,” by W. 
W. Coblentz and R. Stair. 

This publication gives the spectral-transmissive char- 
acteristics of a number of colored glasses that are mar- 
keted under a variety of trade names, such as Amthyst, 
Avitint, Azurlite, Bluelite, Calobar, Cerulite, Cruxite, 
Diantho-Lite, Kalichrome, Noviol, Noviweld, Polaroid, 
Roselite, Soft-Lite, Solarex, Viopake, etc. For convenience 
in the exposition of data, the various tinted lenses are 
grouped under the color that predominates in transmis- 
sion:—i.e., amber, green, blue. As an introduction to the 
data, various important incidental questions are discussed 
such as the elimination of glare, distortion of colors, con- 
fusion of traffic signals, the hazard in wearing colored 
glasses when driving at night, the importance of having 
standard shades, etc. 

Copies of this publication may be obtained from the 
Superintendent of Documents, Washington, D. C., at 
10 cents each. 


NATIONAL RESEARCH COUNCIL 
APPOINTMENTS 
The American Ceramic Society has appointed Dr. Alex- 
ander Silverman, head of the Department of Chemistry 
in the University of Pittsburgh as its representative on 
the Division of Chemistry and Chemical Technology of 
the National Research Council. Dr. R. B. Sosman of the 
Research Laboratory of the United States Steel Corpora- 
tion has been appointed to the Division of Geology. 
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THE CHART BOARD AT HARTFORD-EMPIRE 


Illustrated here is a method used by the Hartford-Empire 
Co. of filing charts from recording instruments, used with 
automatic control mechanisms for furnaces, ready refer- 
ence and study. 

The long charts are from temperature recording instru- 
ments used with automatic mechanisms for maintaining 
constant temperatures at various locations. They are 
hung on pins, the holes for which were made on the 
punchboard fastened on the main board. 

Weights are placed over the pins from which the charts 
are hung and on guide pins at the bottom of the charts, 
as needed. Metal disks act as weights for the circular 
charts, which are from pressure indicating instruments 
used with automatic pressure control mechanisms for 
controlling air pressures at various locations. Other 
charts indicate barometer and humidity readings. Each 
furnace is assigned a section of the board. 








VINYL ACETATE RESIN PLANT BUILT 


The Monsanto Chemical Co., St. Louis, reports that the 
new vinyl acetate resin plant of the Shawinigan Resins 
Corporation at Indian Orchard, Mass., has been com: 
pleted and production is now under way. Shawinigan 
is jointly owned by Monsanto and Shawinigan Chem- 
icals, Ltd., of Montreal. Principal product of the new 
plant will be vinyl acetate sheets for use by glass and 
motor car manufacturers in a new type of safety glass. 


CHARLES N. BRADY, 1849-1938 


Charles N. Brady, one of the founders and president of 
what is now the Hazel-Atlas Glass Co., died at his home, 
Washington, Pa., on July 6, at the age of 89. Highly 
regarded in the glass industry, he was responsible, with 
his various associates, for much of the early develop- 
ment and progress in glass manufacture. 

His first connection (1866) was with Hobbs, Brock- 
unier & Co., leading glass manufacturers, in Wheeling, 
W. Va., serving for ten years as shipping clerk, bill 
clerk, bookkeeper and salesman. With Charles H. Tall- 
man, in 1886 he formed the Hazel Glass Co. (with a 
capital of $1,200) to make opal liners for Mason proce- 
lain lined jar caps. Later, with J. H. Paxton, R. J. 
Beatty and George Beatty, he organized the Atlas Glass 
Co. The present Hazel-Atlas Glass Co. is a merger of 
these two concerns. 
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10,053 MILES TO MELBOURNE 


By FRANK E. BARDROF 


That’s the distance from the center of the Druid’s Circle near the Preston Laboratories in the hills of 
western Pennsylvania. But within a radius of a few hundred yards are found many things of more 


immediate interest to glass men. 


Wien you arrive in Butler to call on Dr. Frank W. 
Preston you are aware that his old haunts know him no 
more and that he has moved his headquarters somewhere 
outside of the town, so you wisely find the nearest tele- 
phone to tell him you are in the neighborhood and ask 
for further directions. He seems really glad to know 
that you are in the vicinity and his guiding instructions 
are meticulous: “West on Route 422 to the outskirts of 
town, 1.9 miles; left hand fork on 68, following along 
for 0.6 mile; south, 0.7 mile; west, 0.7 mile .. . if you 
get lost find a telephone. . . .” 

All seems well until after the third or fourth turn, 
when you are pretty sure that this pleasant farming 
country cannot contain much of scientific interest to the 
glass business, but the woman at the gas station says 
that you are actually on the right road and a farmer’s 
daughter shows you how to get around the WPA inactivi- 
ties at the corner. Mostly hills and woods now and 
nothing in sight that bears the slightest resemblance to 
the breaking strength of glass bottles. A farmer stops 
his team in the furrow and tells you to go on down the 
hill and turn onto the cinder road just this side of the 
white house near the corner, the good old WPA corner 
again. You find the road all right and are now more 
mystified than ever for this road winds off through an 
open space, up the hill and into the deep woods. Signs 
of human habitation now appear in the form of a high 
wire-mesh fence, but the road is closed by a big gate. 
The gate is locked and a few automobiles parked nearby 
indicate that the rest of the way will have to be made on 
foot. 

So you park the Chevrolet, or maybe the Packard, pass 
through the little gate at the side of the big one and 
start hiking down a well-built drive that suddenly brings 
you into a sun-lit clearing, and there, facing north toward 
a beautiful vista of miles of Pennsylvania hills and with 


After you get through the entrance gate and walk down 
the drive this is your first view of the new Preston labora- 
tory on a hilhtop three miles west of Butler, Pa. 





the thick woods at its back, stands the new Preston lab- 
oratory. Two lofty flag poles flank its entrance; in a 
clearing at the rear is the geometrical design of lawn and 
paths that you later find is the Druid’s Circle (commonly 
known as “The Geography Lesson”); the rural quiet is 
broken only by bird songs and the plaintive cry of some 
guinea fowl wandering here and there; and you are 
pretty sure that the raucous squawk from back in the 
woods comes from a peacock. “Gosh,” you say to your- 
self, “these glass fellows certainly do have bright ideas.” 

A tea-table and a couple of bright-colored chairs lend 
a sort of country club atmosphere to the entrance porch, 
which you later learn is at the back of the building and 
not the front, but the atmosphere changes immediately 
to one of quiet business-like activity as you open the 
screen-door and enter the spacious lobby and general 
office. The girl at the desk doesn’t say a word when you 
ask for Dr. Preston, but just nods her head toward a 
table in front of the window where you recognize your 
host hunched over a microscope in the good light and the 
realization comes over you that your rural wanderings 
have, after all, finally led you to one of the important 
centers of scientific research in the glass industry. You 
follow him into his private sanctum, where the wide 
windows look off to the north over the woods and hills, 
and settle down for an informal chat, after he has rum- 
maged around and found a laboratory crucible for you 
to put your cigarette ashes in. 

Before your visit is over you will have spent as much 
time as you can wangle across the desk from this quick- 
witted conversationalist; he will have shown you through 
the building which his resourcefulness and foresight have 
erected on this wooded hilltop; and you will have en- 
joyed with him a fundamental interest in the flora and 
fauna of the domain as you wander with him along the 


Another view of the Preston laboratory. This is the south 
side of the building, the right, or east, section, being 
occupied by the physical and chemical laboratories, Dr. 
Preston’s office and the drafting room. The west section 
houses the experimental machine shop, testing room and 
staff office. 
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paths and through the woods. He will have a slightly 
deprecatory air as he tells you about how the place came 
into being and about his future plans for its embellish- 
ment, but you can discern that Frank Preston has put 
the headquarters of his business into an environment 
that he likes and from which he gets a lot of quiet satis- 
faction. 

This business began back in 1926 when he began to 
practice as an independent consultant in the glass indus- 
try after several years of similar work in the United 
States as the representative of a British firm. By 1928 a 
laboratory and experimental machine shop had been 
started in Butler and the list of clients, at first mostly 
plate and window glass manufacturers, had enlarged 
considerably. By 1936 the old plant facilities had be- 
come insufficient and the new laboratory was completed 
and occupied early last summer. Many locations in the 
vicinity of Butler were canvassed and the present site 
was selected for several common-sense reasons, as well 
as for the pleasant surroundings. First, necessary labora- 
tory services, such as electric power, natural gas and tele- 
phone were available at the corner of the property. Sec- 
ond, the sandstone hill top is three miles from Butler 
and free from such city disturbances as vibration, elec- 
trical interference, smoke, etc. Forty-five acres are inside 
the nine-foot fence, and some 25 are outside. 


The activities of Dr. Preston and his staff, in addition 
to his private consulting practice, are directed primarily 
toward research on the mechanical properties of glass 
and glassware, and especially toward its behavior in 
breakage. The procedure involves the development of 
special and standardized tests for various types of ware, 
the design and construction of special equipment for per- 
forming such tests, the evolution of legal evidence and 
procedure for the protection of glass manufacturers in 
suits involving breakage, and a considerable amount of 
fundamental research in the mechanical properties of 
glass under a variety of conditions and in both the fabri- 
cated and unfabricated state. Specific projects are also 
sponsored by manufacturers or trade associations and, 


In the physical laboratory Physicist Baker watches the 
oscillograph during a quick-loading test for glass rod 
breakage. Load is produced electrically by means of a 
voice coil and accurately timed to endure for 1/100 sec. 
by means of the big pendulum on the floor. This project 
is sponsored by Hartford-Empire Co. 






in addition, technologists from various plants in the 
U. S. and Canada frequently spend a week or two at the 
laboratory for special training. 

With this appreciation of what it is all about, a tour 
of the building is in order. Constructed of concrete 
blocks with stucco finish, the structure is about 116 ft, 
long and 321% ft. wide and was designed by Edwin How. 
ard, architect, son of George Howard of Hartford-Empire, 
by the way. A basement under the center of the build- 
ing contains such service accessories as the well and 
pump, the high-tension vault and transformers, steam 
boiler, fuel storage, etc. The ground floor accommodates 
offices, laboratories and machine shop, and a penthouse 
on the upper floor provides living quarters for the super- 
intendent of building and grounds. As _ mentioned 
before, the lobby and general office occupies the ceuter 
section of the ground floor. The east section houses Dr. 
Preston’s office, the drafting room and the chemical and 
physical laboratories. The western half includes the 
well-equipped experimental machine shop, the experi- 
mental and testing laboratory and another staff office. 
The glass for the lower sections of the windows was fur- 
nished by American Window Glass Co. and ground and 
polished by Clearview Glass Co. Heat-absorbing, actinic 
glass for the upper sections came from the Pennsylvania 
Wire Glass Co. Owens-Illinois glass blocks are installed 
in the front of the building and Owens and Corning glass 
wool is used for roof insulation. 

The laboratories, shop and testing room are amply 
equipped for the specialized work done. Some of the 
equipment is shown in the accompanying pictures, to- 
gether with members of the staff whom we can now meet 
before looking around outside. John M. McCormick, 
chief designer, in the drafting room evolves specialized 
testing and other mechanisms. T. C. Baker, physicist, is 
now working on a glass strength project involving very 
special loading conditions and sponsored by the Hart- 
ford-Empire Co. Dr. L. G. Ghering, physical chemist, 
is delegated by the G. C. A. for diversified research and 
testing work, mostly on bottles. The experimental ma- 


Dr. Ghering demonstrates the thermal shock testing 
machine for bottles in the testing laboratory. In the left 
foreground is a special machine for sawing glass con- 
tainers into test sections. Other equipment in this room 
includes sustained pressure, “snap” pressure, and impact 
testing machines. 
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chine shop is manned by James Carrie, long associated 
with Dr. Preston, and George Weist, with Alexander 
Shott as assistant. The secretarial work is handled by 
the Misses Betty Bush and Muriel Beattie. Gene Sher- 
wood acts as superintendent of building and grounds and 
supervises the maintenance staff. Until recently, R. G. 
Hunter, Owen-Illinois physicist, was also a member of 
the staff specializing in law cases, and Hayes Perkins, 
F. R. G. S., was in charge of outside activities. 

Looking south from the entrance portico at the center 
of the building the first point of interest is the Druid’s 
Circle, to and from which a path leads straight away 
into the woods. This path is on the center line of the 
building which is intersected by another path lying on 
the true north and south line through the property. The 
intersection of these lines is the datum point for the lay- 
out of the whole plot, as well as the center point for the 
path of the circle. At various points around the circle 
are located small signs, such as the one forming the title 
for this article, and they form a nice little lesson in 
geography. It seems a little weird to look practically 
due north to Singapore and Mandalay, but you suddenly 
realize that the sign is on the great circle and the various 
directions begin to make some sense. 

The rest of the domain consists of oak woods and grass 
land, through which run paths and drives in various 
stages of completion, opening up cool vistas of greenery. 
Dr. Preston observes that he doesn’t know whether it 
will ever be finished and you, with some knowledge of 
the ways of an Englishman in his garden, know that he 
will be building and changing for some time to come. 
He shows you a nice patch of bracken at the edge of the 
woods and tells you that the natural fauna on the place 
include coon, pheasant, grouse and quail, as well as 
rabbit and squirrel. To all of which he has added wild 
turkey, wild goose, peafowl, guinea fowl and fancy 
pheasants. And even a deer was accidentally fenced in. 

To see these added. attractions you go off down the 
slope a ways and arrive in time to see Gene Sherwood 
fussing around some prosaic brooder pens in each of 
which is a bantam hen with a brood of brownish little 
chicks that turn out to be wild turkeys and pheasants in 
the early stages of existence. It is all very interesting 
and you can’t help but wonder what those bantam hens 
will do when the youngsters begin to revert to type. Then 
over to some other pens to see the geese, pea fowl and 
pheasants, where you find that the colorful birds you 
have glimpsed from time to time driving through the 
country are almost drab-looking compared to the scions 
of the upper levels of pheasant society. 

Farther down the hill you find a cool spring beneath 
the roots of a big tree, the drinking facilities consisting 
of a milk bottle, of course, and after a while you retrace 
your steps in the lengthening shadows. Miss Beattie 
suggests that you sign the visitor’s book, so you squiggle 
your name at the end of this list of the great and near- 
great in the glass industry and start off down the drive 
toward the big gate, with the cordial invitation of your 
host to come again soon. You get around the WPA 
corner again safely and, as you straighten out in the 
direction of Butler, you wonder why the heck you didn’t 


© get into the kind of business where you could go out 


' cn a hilltop and raise wild turkeys with the aid of a 
_ bantam hen. 
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The experimental machine shop with Messrs. Carrie, Weist 
and Shott (right to left). The variety and versatility of 
the equipment for the manufacture of all sorts of experi- 
mental machinery is apparent. 






The Preston laboratory staff. Back row (I. to r.): Gene 
Sherwood, T. C. Baker, J. M. McCormick, James Carrie, 
George Weist. Front row: Dr. L. G. Ghering, Betty Bush, 
Muriel Beattie, Alexander Shott. 































The Druid’s Circle, south of the laboratory building. You 
are looking down the path on the center line of the build- 
ing and the intersection of this line with the diagonal 
north-and-south line is the survey datum point for the 
70-acre plot. The geography lesson is provided by the 
small signs near the circular path. 














T. take advantage of the growing interest among con- 
sumers and to dramatize the story of packaging in glass, 
the Glass Kitchen was opened on July 14th, under the 
sponsorship of the Glass Container Association, on the 
site of one of New York’s first penthouses at 19 West 
4Ath St. 

Primarily, the function of the Glass Kitchen is to give 
the consumer approach to all glass food packaging prob- 
lems. It will study and investigate every aspect relating 
to glass containers and the products they carry to market, 
gauging demands in the light of all available data, and as 
far as possible anticipating future trends. The Glass 
Kitchen’s objective is to have a complete body of material 
on glass packages and glass packed foods approached 
from the angle of the purchasers for whom they are 
prepared, and available to consumers, food packers and 
their retailers, and to glass makers themselves. 

The Kitchen will be under the direction of Miss Mar- 
garet Sawyer, formerly director of the Consumer Service 
Department of the General Foods Corporation, and, prior 
to that, Director of Nutrition of the American Natiunal 
Red Cross. 

Interesting as the aims and purposes of the Glass 
Kitchen may be, it also presents a fascinating study in the 
utilization of the newer structural glasses. The designer 
of the Kitchen has utilized his materials with a rare in- 
tegrity. In other words, the structural glass wasn’t just 
thrown in because it was glass. This results in the Kitchen 
itself becoming an excellent illustration of the potential- 
ities of modern glass as a decorative material of the first 
rank. 

In the display room, where for the first time containers 
from the designing rooms of every manufacturer in the 
country have been gathered, is the new application of mat 
mirrors as a background for the various bottles on ex- 
hibit. The surface of the mat mirror is so treated as to 
give a silver sheen without a clear reflection, and is par- 
ticularly adapted to showing details and design of con- 
tainers as well as their contents. New also are the semi- 


circular glass block columns, lighted with lumiline lamps. 


Glass has also been used in novel ways in the construc- 
tion and decoration of the lounge. A long glass block 
wall dominates one side of the room, balancing the series 
of doors on the opposite side which open out on the 
garden terrace. A translucent white glass cove running 


A corner of the lounge, where guests are entertained. 


G. C. A. OPENS “GLASS KITCHEN” 






around the entire room provides further light. A simple” 
but unusual trim of unpolished mirrored glass was spe” 
cially designed for the doors. The furniture is of a simple 
modern design in sand-blasted oak, with upholstery in 
varied pastel hues. The flooring is a light colored rub- 
ber tile with small squares of mirrors set at regular inter- 
vals. A mirrored fireplace at one end of the room is bhal- 
anced by a serving table made entirely of mirror at the ~ 
other end. Even the radiators are covered with grille. © 
work of clear glass rods. 4 

The kitchen itself is composed of two complete U- 4 
shaped units, one for gas cooking and one for electricity, 7 
placed side by side. Two sides of the U’s are therefore 
back to back, half of the partition wall being of glass 
block separating the two ranges. Equipment in the iwo 
units is similarly placed but in inverse order, with long 
sinks at the center of the bays, and refrigerators on either 
hand. 

Three more supplementary units occupy the remaining 
wall space. One is L-shaped, equipped for garbage <dis- 
posal, and is devoted to the cleaning of pots and pzns 
(made of heat and fire-resisting glass). Another is a e 
desk and filing unit, where records of experiments may e 
be written and kept for reference. The third is a “kitchen le 
observation” unit, and consists of an upholstered seat 
along two sides of a table, where Kitchen experiments h 
may be witnessed. \ 

Beyond are a storage room and rest room; and, con- 
veniently situated next to the Kitchen there is a capacious 
serving pantry, equipped with an automatic dishwasher 
and lined with shelves for dishes, with a small service bar 
opening off from its passageway. 


in 


Glass has made such a difficult layout both attractive 4 
and efficient. Large wall areas, including one whole end I 
of the kitchen, have been constructed of glass block, 4 
admitting plenty of diffused glare-less sunlight. Thus, 7 
all of the units of the Kitchen are well lighted at all 
times. The glass block partition between the ranges sep- ‘ 
arates but does not isolate the divisions devoted to gas é 
and electric cooking. } 

Vitrolite, lining the walls not occupied by cabinets or A 


glass block, gives color to the Kitchen and integrates all 
of the units in a single unified design. The predominant 
color chosen was green. A band of light marbled jade 
goes around the whole Kitchen just below the coved ceil- 


Rolling pastry on a glass “board” with a glass rolling pin. 
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Panorama of the glass kitchen. To the left is the gas stove 
and to the right the electric stove. Note the garden, 18 
stories above Fifth Avenue, seen through the glass doorway. 


ing. The splashback between upper and lower cabinets 
and other areas are lined with a marbled emerald. Black 
glass is used for door trims and the toe space between the 
lower cabinets and floor. 

One of the most successful features was the use of glass 
hoods for the ranges. These are made of opaque white 
Vitrolite, heat treated to give exceptional strength and to 
resist temperature changes. Another interesting devel- 
opmen is the use of black tempered Vitrolite for counter 
tops which were designed chiefly for rolling pastry. 

Another most successful application of glass is in the 
swinging door leading into the pantry. An all-glass door 
made of a single piece of half-inch plate, with a sand- 
blasted pattern over its whole area, and heat-tempered to 
withstand hard and constant usage makes for a most un- 
usual and attractive door. 

The whole story of the use of glass in the Kitchen was 
summed up by a lady who exclaimed, “My, I didn’t know 
a kitchen could be so glamorous.” 


An all glass door is used instead of the old “‘port hole” type. 
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Glass hoods are used over the cooking 


















L. C. Roche, chairman of the Glass Division of the 
American Ceramic Society, has announced the program 
for the fall meeting of the Division, which will be held 
September 10 and 11 at Old Point Comfort, Va. The 
main topic for consideration again will be the testing of 
glass, only this year the discussions will be concerned 
more with the practical application of work already done 
than with further research into these problems. 

Dr. J. T. Littleton of Corning Glass Works will open 
the meeting with a paper: Report of Sub-Committee 4 of 
C14 of the A. S. T. M. This formidable title means 
simply that a couple of years ago the International Com- 
mission on Glass assigned to the Glass Division the proj- 
ect of developing methods for the measurement of both 
mechanical properties and thermal endurance of glass. 
The Division has performed the work; but is functioning 
in this case as a committee of the American Society of 
Testing Materials rather than through the American 
Ceramic Society. Since the methods of testing recom- 
mended by the Committee will, if adopted, eventually 
become the standard methods for these properties of 
glass, it is most advisable that every glass technologist of 
every glass factory take part in the discussion. 

Jame Bailey, Hartford-Empire Co., will present a re- 
port dealing with the development of a standard appa- 
ratus and method for testing the mechanical strength of 
glass plates and rods. A. N. Finn and other members 
of the Division will present results of tests made on the 
apparatus described by Mr. Bailey. 

S. R. Scholes of Alfred University will discuss a stand- 
ard method for testing the thermal endurance of glass, 
and he will compare this method with those in use in 
other countries. This paper will have particular inter- 
est to the practical plant man, as well as to the technol- 
ogist, in that the method will be found useful in develop- 
ing glasses of greater thermal endurance. It will also be 
useful for comparing the thermal endurance of various 
glass compositions. 

The concluding paper of the first day’s session will be 
by Dr. Frank Preston and will deal with some highly 
interesting phases of bottle breakage that have been re- 
cently discovered by himself and his co-workers at Butler. 
He will discuss standard methods of testing glass con- 





The ship on which the Glass Division will travel from Bal- 
timore to Old Point Comfort. 
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GLASS DIVISION FALL MEETING 


Week-end sessions at Old Point Comfort will stress methods of testing. Williamsburg and Jamestown 
of special historical interest. Many entertainment features planned. 
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tainers, in the course of which he will describe and dem- 
onstrate the new Polaroid polariscope. 

The meeting on Sunday morning will be given over to 
a round table discussion, led by Dr. G. E. F. Lundell, of 
the various procedures used for the analysis of the new 
standard soda-lime-silica glass which was recently dis- 
tributed to the cooperating laboratories. From the re- 
sults of this discussion it is hoped that a new rapid rou- 
tine method will be developed for the analysis of soda- 
lime-silica glasses containing small amounts of barium 
and boron in addition to a larger amount of alumina than 
is found in the present standard soda-lime-silica glass 
No. 80. 

It will be readily seen from this brief resume of the 
papers that the technical sessions will be unusually inter- 
esting this year. But in arranging the program, the 
responsible committees have added other features of a 
less serious nature. Foremost among these is a trip to 
nearby Williamsburg, the scene of the Rockefeller resto- 
ration. Everyone is familiar with the marvelous piece of 
work, without parallel elsewhere, which the great philan- 
thropist has done in restoring Williamsburg to an almost 
exact replica of the old city as it existed in colonial days. 
The convention will visit Williamsburg Saturday after- 
noon. 

From Williamsburg, the party moves on to Jamestown, 
accredited by many as being the site of the first glass 
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factories erected in America. Walter J. Sparks, who 
more than any living person, has made a special study 
of the old glass factories located there, will give a lec- 
ture on the very site of the old glass houses. 

Returning to Old Point Comfort, the convention will 
sit down to an informal banquet at the Hotel Chamber- 
lain, convention headquarters. And then (bring the 
ladies) will dance on the Marine Roof. 

Sunday afternoon is left open for golf and swimming, 
both of which are at their best in this locality. 

An important feature of the meeting will be the boat 
ride to and from the meeting. Members will meet on 
Friday, Sept. 9, aboard the S.S. President Warfield, 
which leaves the Old Bay Line Dock at Baltimore at 
6:30 P.M. E. S. T. After dinner, the various subcom- 
iittees of C-14 will hold some sessions while the others, 
with no burdensome cares on their minds, will enjoy the 
sail southward on Chesapeake Bay. Music, dancing, 
horse racing, bingo and what have you will be provided 
for the members’ enjoyment. 

Shortly after dinner, the steamer will pass Cove Point, 
scene of the first summer meeting and the site of Francis 
Flint’s summer cottage. Rumor has it that Dr. Flint will 
join the party by row boat. 





WALTER AMSLER DIES IN FLORIDA 


Word has been received of the death of Walter O. Amsler, 
glass factory engineer, in Florida on July 1. Mr. Amsler 
had long been very actively associated with the glass 
industry. He first organized the Amsler Engineering Co., 
which specialized in gas producers, and later formed the 
Amsler-Morton Co. from which he resigned in 1922. 


REES TO VISIT U. S. 


Friends of Dr. Walter J. Rees, of the Department of Re- 
fractory Materials at the University of Sheffield, will be 
pleased to learn that he and Mrs. Rees are planning a 
holiday trip to America. They will sail from England 
about August 10th and Dr. Rees hopes to attend the fall 
meetings of the Refractories and Glass Divisions of the 
American Ceramic Society. 


PRODUCTION FIGURES FOR THE GLASS 
INDUSTRY DURING JUNE 


Glass Containers: Production of glass containers 
during the month of June, 1938, was 3,582,957 gross, 
bringing the 1938 total to 20,813,643 gross. Shipments 
during June were 3,858,097 gross and 20,897,830 gross 
for the year. 


Window Glass: During June 1938, the production of 
window glass was 344,456 boxes which represents 21.3 
per cent of industry capacity. As compared with this, 
June 1937 production was 1,429,544 boxes representing 
88 per cent of industry capacity. 


Plate Glass: The total production of polished plate 
glass by member companies of the Plate Glass Manufac- 
turers of America in June 1938 was 5,956,386 sq. ft., as 
compared to 3,866,052 sq. ft. produced in the preceding 
month, May 1938, and 19,392,254 sq. ft. produced in the 
corresponding month last year, June 1937. 
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INTERNATIONAL CONGRESS ON GLASS 
The Third International Congress on Glass is announced 
by the General Secretary, Dr. K. W. Schulze of Frank- 
fort. Sessions will be held in Berlin 
and Munich between July 6th and July 
15th, 1939. The officers of the Con 
gress are: President, Dr. O. Seeling of 
Furth; Honorary Treasurer, Dr. K. 

Mey of Berlin; and General Manager, 

Dr. H. Maurach of Frankfort. The 

business offices of the Congress are 

established in Frankfort A. M. 1, Junghofstr. 27. The 
symbol reproduced here is the one proposed for the 
representation of glass as a material, and it appears on 
the letterheads and circulars of the Congress. 


TWENTY-ONE YEARS: A PROFESSOR LOOKS 
OUT ON THE GLASS INDUSTRY 


When the Society of Glass Technology became of age, 
the Presidential Address, delivered by Professor W. E. S. 
Turner, took the form of a historical review of that 
period which the author names the most important in 
the existence of glass making. 

The foundation and early development of the Society 
is reviewed, with interesting statistics. This important 
organization, of which as the moving spirit Professor 
Turner may well be proud, numbered 707 members at 
the end of 1936, of which 252 were in foreign countries. 

An extended chapter on the technical developments in 
the industry in our time presents dates and figures with 
authoritative, critical comment on the amazing changes 
that have been accomplished by the introduction of glass- 
working machinery. Data on production, the spread of 
mechanization and the effect of this on labor in the 
glass industry are for the first time collected; and these 
facts are, of course, set down in the excellent literary 
style for which the author is noted. 

Particular attention is given to the contributions of the 
chemist and the physicist, with particular reference to 
developments in raw materials, refractories and furnace 
performance. It is only when a carefully prepared 
chapter such as this is read, that we can realize how 
amazingly different the glass industry has become. 

In demonstrating how these fruitful years have con- 
tributed to the science, art and literature of glass, Pro- 
fessor Turner has tabulated institutions of research and 
instruction, periodicals devoted to glass, and the subjects 
of original papers as published by the Society of Glass 
Technology and by its German counterpart. These papers 
in the British journal number more than 700. 

This brochure, written in a spirit of well restrained but 
nevertheless quite justifiable pride in the achievements 
of the Society of Glass Technology, in which Professor 
Turner has taken such a leading and inspiring part, forms 
in itself a very valuable contribution to the permanent 
literature of glass. In its statistical tables alone, which 
must have required endless study of the files of journals 
and census reports, it offers a fund of information not 
readily obtainable elsewhere. In the pages of comment 
on research and invention and on methods and manage- 
ment, the reader finds not only accurate history, but gen- 
uine inspiration. The world of glass technology is again 
indebted to this dynamic personality in a frail body, 
Turner of Sheffield.—S. R. S. 
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@ This, the second of two articles on the use of nickel 
alloys for mold castings, deals with low thermal expan- 
sion, high thermal conductivity, growth and scaling and 
resistance to wear. It also covers the means of grading 
and selecting cast irens for molds, together with perform- 
ance data and production. In his first article, Mr. Vanick 
discussed machinability, fine finish, density and close- 
grainness, prevention of sticking, resistance to heat-check- 
ing and resistance to surface deterioration.—The Editor. 


VII. Low Thermal Expansion is desirable be- 
cause resulting strains are lessened and the dissipation 
of the stresses made less imperative. 

Work published by Boegehold on automotive cylinder 
irons, possessing carbon and silicon contents approach- 
ing those of glass mold irons, shows a distinct advantage 
for irons containing nickel or increasing in molybdenum 
content. It is also known that an increasing carbon con- 
tent decreases expansivity, which the steel and cast iron 
relationship of Fig. 4 tends to support. An increase in 
total carbon from 3.20 to 3.80 per cent should help. 

Silicon increases expansivity, therefore, a reduction, 
if possible, should be useful. Small amounts of chro- 
mium may help reduce expansivity. Chromium in 
amounts over .30 per cent would reduce expansivity 
due to the iron-chromium-carbide, which would form 
particularly in the chill cast and low carbon types of 
cast irons. The rigidity of the carbide constituent, if 
present in sufficient amount to form a closed network 
or mesh throughout the surface structure, is such as to 
resist the natural expansion or volume increase of the 
matrix constituent upon heating with a resultant exces- 
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CHEMICAL ANALYSIS 


Sample No. T.C. Mn. P Ss. Si. Mo. Ni 
1—Steel ............. | err eee a eo Saag eS 
2—Piain Cast tron...... 3.25 0.59 0.093 0.091 2.22 .... 
3—Moly Cast Iron...... 3.32 044 0.127 0.065 1.93 0.37 
4—Moly Cast tron..... 3.26 0.43 0.116 0.064 189 0.73. .... 
5—Nickel lron......... 3.14 0.40 0.126 0.080 199 .... 141 


Fig. 4. Expansion of alloy Cast Irons from paper by A. L. 
Boegehold, American Society for Testing Materials Sympo- 
sium on Developments in Automotive Materials, Mar., 1930. 
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METALLURGICAL ANALYSIS OF GLASS MOLD 
CAST IRONS: II 


By J. S. VANICK 
International Nickel Co., Ine. 





sive risk of cracking. Manganese increases expansivity 
und should be kept low. 

From these general effects it should be evident that 
irons 5 and 6 of the chill cast series should possess merit 
followed by 4, 3, 2 and 1 (Table I). In the sand cast 
types Nos. 10 and 13 (Table II) present desirable com- 
positions. 
































Vill. High Thermal Conductivity helps dissipate 
the heat that is driven into the working skin of the mold 
and carry it outward. Air gaps, non-metallic films, and 
poor contacts are likely to obstruct good heat transfer 
in many cases far beyond the ability of slight improv e- 
ments in the composition to redeem them. 

In general, small amounts of special elements tend to 
slightly decrease thermal conductivity. Donaldson’ and 
Sonchen? have contributed most of the recent data but 
using different test methods, and with Sonchen including 
estimates calculated from the hypothetical relationships 
between electrical and thermal conductivities. The results 
lack agreement, although parallel trends are distinguish- 
able. Both authors agree that thermal conductivity de- 
creases with increasing temperatures, as shown in Fig. 5, 
and differences between cast irons in any series of in- 
creasing alloy contents decrease or approach a constant 
value. The presence of alloying elements in solid solu- 
tion lowers thermal conductivity (Fig. 6). Even carbon 
in the solid solution markedly lowers thermal conduc- 
tivity, as illustrated in the following summary of com- 
mon microstructural components: 




















Thermal Conductivity 
cal/cm/sec/°C 









Pearlite (as in an annealed .90 carbon steel) .124 
Ferrite (as in pure carbon-free iron)..... 174 
Cementite (as in carbide of iron)........ .017 
White heart malleable (pearlitic)........ 114 
Black heart malleable (ferritic).......... 150 


1Donaldson—Foundry Trade Journal—May 28th, 1936 
*Sonchen—Archiv. fur das Eisenhuttenwesen, vol. 5, Nov., 1934. 































Collection of molds, plungers and neck ring stock. Molds 
—Iron No. 5, chill cast, annealed. Plungers—Iron No. 6, 
chill cast, annealed. Neck Ring Stock—lIron No. 4, chill 
cast, annealed. 
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TABLE |. 
High Carbon Type 


TYPICAL CHILL CAST MOLD COMPOSITIONS 
Low Carbon Type 


A 
Te 3.50 
Si 2.30 
Tensile 21,000 
BHN 160 


Alloy Cast tron Types 


Annealed 
*Tensile 
*BHN 


GRADING QUALITY OF GLASS MOLD IRONS 

Physical Maximum Chill Cast Series 
Property rade 

No. 

. Machinability 120 

. Fine Grain 1 60 

. Density 

. Graphitic 

. No Checking 

. Heat Res. 

. Low Exp. 

. Hi-Cond. 

. Low Growth 
X. Low Wear 
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***1,000 675 


“Before annealing. Test bar values. 
**Vanadium .10% may be substituted. 
***Highest number represents the best grade. 


~ 
w 
ou 


TABLE Ii. TYPICAL SAND CAST MOLD COMPOSITIONS 


12 


3. 
2. 
0. 
0. 
0. 
40-0. 
Yes 
10 220 
35,000 40,000 
GRADING QUALITY OF GLASS MOLD IRONS 


Maximum Sand Cast Series 
Grade fs 


120 
50 
70 
70 


*Tensile 24,000 


Property 
No. 


J 
oO 


. Machinability 
ll. Fine Grain 

. Density 

. Graphitic 

. No checking 

. Heat Res. 

. Low Exp. 

. Hi-Cond. 

. Low Growth 
X. Low Wear 
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“Before annealing. Test bar values. 
**Vanadium .10% may be substituted. 
***Highest number represents best grade. 





Table IV representing Donaldson’s work contrasted 
with Sonchen’s diagrams illustrates the unsettled state of 
the data concerning thermal conductivity. Manganese up 
to 2 per cent lowers thermal conductivity. Phosphorus 
up to 1 per cent does likewise. Silicon lowers the con- 
ductivity as illustrated in Fig. 5, as does nickel (Fig. 6). 
Since both nickel and silicon exert somewhat similar 
graphitization effects at solidification temperatures upon 
cast iron, the replacement of silicon with nickel up to 
3 per cent increases conductivity (Fig. 8). Good results 
appear obtainable at approximately 114 per cent nickel 
and 11% per cent silicon. Increasing nickel contents with 
a lowered silicon content in the nickel-chromium irons— 
No. 28, 29 and 30 of Table [V—improves conductivity. 
The action of chromium appears to be irregular. Don- 
aldson (Table IV) in irons Nos. 24 and 25, indicates an 
improvement, while Sonchen, in Fig. 7, shows a decrease. 
Theory favors Sonchen’s conclusions pointing out that 
chromium stabilizes or increases the quantity of the iron- 
carbide cementite, which as shown above has a very low 
conductivity. This together with any (solid solution) 
dissolved chromium would abruptly lower the conduc- 
tivity. Annealing favors the destruction of carbides and 
all of Sonchen’s annealed irons show markedly im- 
proved conductivity over their un-annealed companion 
bars. 

Chill casting should improve conductivity because a 
densed iron would assist heat transfer. Unfortunately, 
most of the compositions shown in Table IV would form 
hard unmachinable surfaces if chill cast due to presence 
of carbide forming elements like Cr, Mn, V, which with 
the low carbon and silicon contents should prevent ma- 
chinable surfaces in glass molds. Raising the silicon or 
carbon contents to eliminate the carbide would eliminate 
the advantage as shown in a comparison of iron No. 25 
with iron No. 28. 

Analyzing these relations would indicate that a chill 
cast, dense, low silicon, Ni-Mo, annealed iron, or an un- 
annealed Ni-Cr or Ni-Mo iron should possess outstanding 
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merit. Irons Nos. 6, 5 and 4 offer a first choice with 3, 1 
and 2 a second choice (Table I). In the sand cast series 
irons Nos. 13, 11 first, then 14 and 12 (Table II) possess 
an apparent advantage. 


IX. Growth and Scaling proceed at a more lei- 
surely rate in glass molds than in molds for metals. The 
lower temperature and small volume of the glass in re- 
lation to the bulk of the mold permits thousands of heat- 
ings against hundreds or less for metal molds and as 
few as 80 fillings or less for steel ingot molds. 

Growth and scaling proceed inwardly from the work- 
ing surface of glass molds. Oxidizing conditions most 
rapidly promote growth and such conditions prevail even 
though mold surfaces are washed with oils, rubber, sul- 
fur, or other surfacing materials. Where growth in ingot 
molds may penetrate the entire volume of the mold, glass 
mold temperatures are active enough to produce ap- 
preciable growth and scaling close to the working face 
only. The relatively large heat capacity of the mold 
aids the rapid dissipation of heat which with the usual 
methods of cooling keep the mold below damaging 
“erowth” temperatures, except at the contact surface. A 





TABLE III 
Total Carbon % 


Silicon % 
- zero 
1.0 





TABLE IV. THERMAL CONDUCTIVITIES OF SEVERAL CAST IRONS 
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micrograph of a successful glass mold surface, shown 
in Fig. 9, bears a striking similarity to the internal struc. 
ture of a bar of ordinary cast iron that had been heated 
39 times to 1500° F. in an oxidizing atmosphere. The 
graphite flakes in the mold surface are more numerous 
in accordance with other necessary requiremnts. Prac- 
tically no dissolved carbon appears in either structure. 
Oxidation has progressed along the graphite flakes. 

Practically all investigators of the growth problem 
agree that growth at elevated temperatures proceeds by 
the graphitization and oxidation of combined (dissolved) 
carbon and oxidation of the silicon-iron residual struc- 
ture. Both high carbon and high silicon contents pro- 
mote growth in plain irons but of the two carbon is less 
active as a growth promoter, and more effective in main- 
taining a high degree of machinability and a high popu- 
lation of graphite flakes to retard cracking. 

008 Two cast irons possess equal graphitizing power when 

- 4 + their chilled surfaces produce the same depth of white 

4 7 2 J ¥ S iron or cuaniiided iron upon being chill cast. 

Among the common elements in ordinary cast iron con- 

% Silicon tributing to graphitization an increase in silicon is most 

Fig. 5. Thermal conductivity decreases with increasing damaging ee the growth resistance. Thus roy irons of 
silicon content and increasing temperatures. equal graphitizing power (or conversely chilling power), 
the one containing 3.0 per cent TC—.50 per cent Si, and 

the other 2.50 per cent TC—2.0 per cent Si, the higher 

silicon one will grow the most. The effect of silicon on 

Pure iron growth is indicated in Fig. 10. These principles were 
i clearly recognized in Ruggan and Carpenter’s classic 

work and they recommended for a cast iron to resist 
heat one containing 3.0 per cent TC—.20 per cent Si and 
A 7 -15 per cent Mn. Such an iron would, however, be white, 

a extremely hard, unmachinable when sand cast, and also 
impossible to use chill cast. Bauer & Sipp* in Germany 
recognized the deficiency in graphitizing power and 
proposed preheated molds plus nickel additions for ef- 
fecting a proper amount of graphite in the cast iron, and 
additional work in the U.S. resulted in eliminating the 
preheated molds in favor of higher carbon, higher nickel 
alloyed compositions. 

Graphitizing elements such as silicon, carbon, nickel, 
titanium, aluminum, etc., encourage graphitization, but 
at widely different rates and within different temperature 
ranges. Thus 1 per cent of carbon possesses approxi- 
mately 3 times the graphitizing power of 1 per cent sili- 
con. The effect upon the growth rate is much smaller. 

° Similarly nickel possesses approximately half the graphi- 
AY, tizing power of silicon and approximately one-twelfth 
the growth promoting power. Applying this equation 
within the carbon and silicon ranges of glass mold cast 


QZ Tr 1 Ni=% Si in graphitizing power. 
1 Ni= 2 Si in growth promotion. 

2 Ni=\ Si in growth promotion or 3.50 TC + 2.30 
Si=3.50 TC+1.30 Si+2 Ni= graphitizing power: 
and 3.50 TC + 2.30 Si= 3.50 TC + 1.30 Si+2 Ni + 80 
ry) per cent less growth, 


7 2 J While nickel is about one-half as powerful as silicon 
as a graphitizer its resistance to oxidation when dissolved 
in cast iron contributes markedly to growth resistance 

% Alloy in irons in which nickel has been employed to replace 
part of the silicon and maintain an equivalent graphitiz- 


Fig. 6. The thermal conductivity of pure iron (ferrite) is ing power. This principle is widely employed industri- 
decreased by alloying additions. The iron-carbide has a 
conductivity 1/10 that of pure iron. 3U.S 
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ally in the low silicon-nickel and nickel-chromium cast 
irons. This is illustrated in Fig. 11, where iron No. 2335, 
possessing a graphitizing power exceeding that of No. 
2361, grows 40 per cent of the amount of 2361. In ac- 
cordance with Fig. 10 this low silicon plain iron No. 
2335 should grow 5 per cent as compared to the 25 per 
cent growth for the lower carbon, higher silicon, plain 
iron No. 2361, providing both possessed equal graphitiz- 
ing power, or in this case, the same carbon content. 

Other elements, such as chromium, molybdenum, phos- 
phorous and vanadium contribute to heat and growth 
resistance by stabilizing the carbon but may coagulate 
the carbon into a carbide leading to machining or micro- 
scopic brittleness and cracking or sticking problems if 
present in excess. A “toughened” carbide formation is 
claimed to occur when vanadium or molybdenum are 
used in place of chromium. The effects of chilling glass 
mold castings in the foundry limits the use of these 
elements to relatively small amounts. 

Annealing, again, is a helpful step toward eliminating 
internal stress and avoiding any distortion upon initial 
heating that might be interpreted as “growth.” 

From these observations it is evident that irons No. 
5, 4 and 2 should possess outstanding merit in the chill 
cast series, while Nos. 6, 3 and 1 possessing greater hard- 
ness and less resistance to heat checking would make 
good plunger compositions (Table I). Among the sand 
cast compositions Nos. 13 and 14 (Table II) offer best 
mold prospects with harder hot check susceptible types 
represented in Nos. 11 and 12 for plungers. 


X. Resistance to Wear, Corrosion, Staining of 
Molds: Resistance to wear is best achieved by moder- 
ately hardening and strengthening irons where the chaf- 
ing or scouring action of cold glass or the peening action 
of split molds operates to encourage wear. Such appli- 
cations need to be segregated from other mold services 
because the hardening is achieved at the sacrifice of 
other desirable properties in a mold, such as resistance 
to heat checking or good machining. Irons of the alloy 
hardened type or low in TC or Si are hardened. Chill 
cast irons (Table I) Nos. 1, 3 and 6 or sand cast irons 
(Table II) B, 14 and 13, are good examples. Plungers 
especially, are often needed in wear resisting irons. 

Annealing* while not in general use is undoubtedly 
helpful not only from the standpoint of eliminating cast- 
ing strains but further in toughening the structure against 
the heat shock to which the molds will be subjected. Ma- 
chining may be improved as the iron is softened. The 
alloys present retard destruction by remaining dissolved 
and available for action after the mold has been ma- 
chined, polished and put into service. 

In other industries a number of heat resisting cast 
iron applications, such as automotive engine exhaust 
manifolds, are heavily alloyed (to resist deterioration by 
heat) making them too hard to machine. Annealing at a 
high temperature softens them for machining and leaves 
their toughened alloy enriched structures available for 
resisting the requirements of their service. In this pro- 
gram the annealing of glass molds and of engine mani- 
folds are parallel processes with the same objective of 
retaining heat resistance, improving machinability and, 


‘Full annealing is implied as defined in current A.S.M., S.A.E., A.F.A. 
and A.S.T.M. definitions consisting of heating above the critical tem- 
perature range, holding for a proper period of time and slow cooling. 
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incidentally, eliminating casting stresses or the risk of 
distortion. 


Grading and Selection of Cast Iron for Molds 


A scholastic grading system was applied in an effort 
to evaluate the merit of the compositions in use. This 
system was arranged so that machinability had double 
the value of other related properties while two minor 
properties (sections VI and X) were halved. Where ap- 
plications warrant these gradings can be revalued. 

Since most of the irons are accepted by the industry 
and are in commercial use a scholastic passing grade of 
60 for each topic and 600 for the group of ten is used 
to classify them. The best grades are in the chill cast 
group, as should be expected. 

For the usual run of molds the softer chill cast irons 
are outstandingly successful because of their easy ma- 
chinability, fine finishing quality and good behavior from 
the standpoint of maintenance during operation and mod- 
erate resistance to heat effects. Several shops serving im- 
portant glass producing areas have practically standard- 
ized upon irons (Table I) of the No. 4 type for general 
applications with a modification of it into the No. 3 type 
for plungers and large or heavy glass molds, as well as 
for miscellaneous castings requiring hardness, strength 
and density. 

Plungers are most popular in the harder, more wear 
resistant, irons to resist the scoring action of chilled glass 
at their necks and the chill cast alloy irons of the No. 
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Fig. 7. Effect of chromium upon a cast iron with 3.7% 
TC and 2.5% Si. 
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2, 3 and 6 types (Table I) are in general use. In the 
sand cast series (Table II) irons of.the 11, 13, 14 and C 
types are most frequently used. The application of 
plunger type compositions to large, heavy molds, used 
for large and heavy glass ware, is advantageous because 
of the hotter or longer exposure of the mold surface to 
heat during the forming cycle requiring a correspondingly 
greater resistance to deterioration by heat effects. 

Special cast iron compositions are sometimes 
used for parts, such as neck rings, liners, inserts, bot- 
toms (push ups), baffle plates, etc. These irons may 
possess high hardness, more or less thermal expansion, 
different degrees of thermal conductivity and special de- 
grees of heat resistance or resistance to corrosion. These 
irons (Table V) may be sand cast or chill cast, depend- 
ing upon their application. 

The broad range of thermal expansion and conduc- 
tivity or corrosion resistance available in these irons 





TABLE V 
Casting Composition Pur- 
No. Type Method TC Si Ni Cr Cu BHN pos 
31 Die iron (soft) Sand 3.20 1.75 1.0-1.5 .40-.50* 200 Wear 
32 Die iron (hard) Sand 3.20 1.50 1.5-2.0 .50-.75* 260 Wear 
33 Ni-Resist copper-less Sand 2.80 1.0-2.0 18-22 1.5-2.5 none 160 Heat 
or moderate 
Chill conductivity 
high exoansion 
34 Ni-Resist regular Sand 3.00 1.0-2.0 14-16 1.5-25 6-7 140 — 
or ow 
Chill conductivity 
high exoansion 
35 Invar type Sand 2.60 15 34-38 2-4 140 Heat 
or low 
Chill conductivity 
low expansion 
36 Invar type Sand 2.60 15 28-32 2-4 140 Heat 
or moderate 
Chill conductivity 
normal ex- 
pansion 


*Mo in place of Cr. 





makes them attractive for special and highly skillful ap- 
plications. Thus by eliminating or reducing the expan- 
sion factor in a mold surface or making it equal the ex- 
pansion of the glass itself it should be possible to pro- 
duce a truer, more perfect, less strained piece of ware 
with such a mold as compared to the low alloyed irons. 
In other industries, such molds are used for pressing 
fibre, paper, etc. A high expansion iron is commonly 
used as an internal core or chill in the iron foundry 
mold to prevent sticking. Fig. 12 illustrates the range 
available in expansivity for different operating tempera- 
tures. 

Differences in thermal conductivity can be intelligently 
applied to equalize cooling rates in mold surfaces or 
conversely run some spots hotter than others to manipu- 
late the cooling rate in parts of the ware. 

Corrosion resistance may be desirable where fumes, 
swabs, re-dressings, etc., involve corrosives causing mold 
destruction. Table VI illustrates the advantage avail- 
able in alloyed cast irons in corrosives dressing molds. 
The high corrosion resistance of Ni-Resist is also mani- 
fest in sulfuric or hydrofluoric acid solutions which may 
be used for cleaning molds. 


Performance and Production 


It has been extremely difficult to obtain performance 
data because the need to maintain production compels 
recourse to any expedient to keep the machines going 
at the sacrifice of data upon mold performances. Smith* 


‘Metals & Alloys—Sept., 1936. 
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Fig. 9. Microstructure at the surface of a successful glass 
mold. Nital Etch x 250. 


made an effort to secure such data and obtained mixed 
results upon the several irons in his tests. The results 
are difficult to reconcile with the metal compositions be- 
cause the history of their production and heat treatment 
is not established. However, they indicate that mold 
irons of the A and No. 4 type (Table I) delivered good 
performance while low carbon irons of the “C” type 
(Table II) and high chromium ones failed rapidly or 
cracked. Unless the performance is determined for some 
specific piece of goods it is obviously impossible to 
measure the improvement. Thus the record of improving 
output to approximately 1500 gross from a level of 1000 
gross by substituting iron No. 3 annealed for iron No. 
A (Table I) has been recorded, but details of operation 
and the size, shape, etc., of the ware are lacking. In- 
stances of increasing by 11% to 2% times the performance 
of alloyed cast iron over plain chilled iron are reported 
but important essential details are lacking. It is obvious 
that a set of molds can turn out 15,000 gross of ware if 
it is small and relatively light while heavier glassware 
moves less rapidly and easily does 10 times the damage 
in each filling. 

In another case, growth of .030” on the diameter over 
a period of four weeks in an iron of the A type (Table I) 
was reduced 50 per cent by employing a specification 
similar to iron No. 2 at a minor sacrifice in machin- 
ability. 

The bulging of molds at the middle when hot may be 
incorrectly associated with the growth problem and a 
hard machining growth-resisting iron used when the ex- 
pansion factor and the design of the mold may have been 
the active causes of the trouble. Foundrymen are also 
aware that two irons of the same composition may have 
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TABLE VI. 


CORROSION TESTS IN STILL HANDLING STEARIC AND 
OLEIC ACIDS AT ELEVATED TEMPERATURE 


Analysis Corrosion Rate in Inches 
Material T.C. Si Ni Cu Cr Penetration Per Year 
Plain Cast Iron 3.02 1.82 re ws ; < 
Nickel Cast Iron 2.89 1.24 3.58 0.168 
Nickel Chromium 
Cast Iron... 3.03 2.16 2.73 ae 1.25 0.147 
Ni-Resist .... 2.90 1.75 14.62 6.14 2.35 0.018 





different contraction or “shrinkage” characteristics. In 
fact, the same iron poured at different temperatures will 
possess correspondingly different “contraction.” It is dis- 
tressing to find split molds coming from different heats 
or unmatched irons causing expansion and distortion 
effects that must be rubbed or polished out of mold sur- 
faces when the cause could have been lessened or avoided 
by proper specification and purchase requiring greater 
care in casting production. 

Tests upon the harder, sand cast, mold iron (Table II) 
of the No. 14 type (annealed) indicate that it may per- 
form 2 to 2% times longer than a plain iron mold with 
respect to polishing, pointing or sharpening. Its high 
initial hardness makes initial machining and finishing 
costs high and prevents its more extensive use. Again the 
eperating heat cycle of the glass shop must be considered 
to avoid the risk of cracking these stronger, stiffer and 
more rigid molds. 

In another case a dense, close-grained material of this 
ty pe, sand cast and annealed recorded 200 hours between 
pointing and polishing as compared to 80; and 220 
hours between sharpening against 140 hours for plain 
cast iron. 

Tumbler molds of ordinary cast iron fitted with Ni- 
Resist liners are reported in British practice to have op- 
erated continuously for 40 hours without cleaning, rep- 
resenting ten times the run obtainable with ordinary cast 
iron liners. 

Foundrymen become confused by the conflicting de- 
mands of the mold shop where the requirements of the 
application have not been carefully analyzed. Press or 
blow molds for custom jobs are often made in sand cast, 
heat-resisting types of irons similar to No. 11 (Table II) 
for heavy work and without careful consideration ordered 
for machine molds, chill cast, leading to machining diffi- 
culties and possibly cracking or sticking problems. The 
desire to eliminate the use of chills often leads to the use 
of open-grained irons resulting from employing a compo- 
sition intended for chill casting. Conversely, a sand cast 
composition, if chilled, leads to a hard skin, and very 
poor machining. Coarse grained irons are sometimes 
caused by the presence of a high gas content in the metal 
or as a result of wet ladles, wet molds, cold pouring, 
presence of undesirable elements brought in by the scrap 
used, etc. Care in casting production becomes an essen- 
tial and somewhat intangible factor. 


Conclusion 

The problem of obtaining a greater performance out 
of cast iron molds consists of classifying the require- 
ments of the glass shop and specifying against these re- 
quirements, the composition, method of casting, heat 
treatment and perhaps a limiting or maximum hard- 
ness upon the product of the foundry and then adher- 
ing rigidly to these specifications until improvements 
can be proven to justify modification. Such cast irons 
(Continued on page 316) 
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Fig. 10. Growth vs. silicon in high carbon cast irons (Rug- 
gan and Carpenter). Journ. Iron & Steel Inst., 1911, vol. I. 
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Fig. 11. Growth of Cast Iron in an Oxidizing (CO2) At- 
mosphere at 1500 Deg. F. (815 Deg. C.). 
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Fig. 12. Expansion Isotherms of Nickel Cast Irons. 








Base Materials 


Carlots Less Carlots 
Barium carbonate (BaCO 3), Crude, (Witherite) 

90%, 99% through 200 mesh............ ton 43.00 46.00 
Barium sulphate, in bags.................- ton 19.00 24.00 
Barium sulphate, glassmaker’s, carlots, bulk 

f. o. b. shipping point..................- ton 15. 00-16. 00 18.00 
Borax (NazgBygO710H20) ..... 2.2... 0.6 eee ee Ib ins eid 

RR ee ipa aie In bags, Ib. 0215 .027 -.0295 

Es sok keihobeabcarsuss In bags, Ib. . 024 -0295-.032 
Boric acid (H3BO 3) granulated ..... In bags, Ib. . 048 .054 - .0565 
Calcium phosphate (Cag(PO,4)2)............. Ib. .07 .07% 
Cryolite (NagAl Fg) Natural Greenland 

i TE OT Se a ET OPE Ib. . 0875 . 0925 

Synthetic (Artificial). ..........000000: Ib. . 0825 . 0875 
Feldspar— 

ING £55 bvainyine as ntdnak eres wae ton 11, 00-13. 25 

NG cnt cneVvenussdcine do ade'ce dad ton 11. 50-13. 75 

Es a irnadie. ce nde aw in tiich vensaies ton 11. 75-14. 00 

RE aS ae mee ton 11. 00-13, 25 


L. C. L., (Min. 2 tons) $3.00 per ton additional 


Fluorspar (CaF2) domestic, ‘ground, 96-98% 
(max SiOQ:, 244%) 
Bulk, carloads, f. 0. b. mines........... ton 30. 00 mine 
Rc wakericaiesssedsebercvessinas ton 31.60 38. 00-40. 60 

Kryolith (see Cryolite) 

Lead Oxide (Ph3O,) (red lead) (N. Y.)....... Ib. .074 oman 
SEE a enctnticesadeakarcivas Ib. .0775 
NN TEI, <5 ns50:04 o40 bod cd cade Ib. -0825 

Lime— 

Hydrated (Ca(OH)2) (in paper sacks) ..... ton 10.50 

Burnt (CaO) ground, in bulk............. ton 7.00 

Burnt, ground, in paper sacks............ ton 9.00 ate 
Burnt, ground, in 280 Ib. bblis........ Per bbl. 2.25 2.25 

Potassium carbonate— 

Calcined (KeCO 3) 96-98%. ...........005. Ib. . 065 . 0675 
PRPC SUNN Tiss oe ca ccacevcnceccscs Ib. . 055 . 0575 
Salt cake, glassmakers (NazSO,)........ ... ton 15.00 25. 00 
Soda ash (NaygCOs3) dense, 58%— 
Bi re-ccy one vovies se ance Flat Per 100 Ib. -95 
DR os iv cdiiddepbaiean Per 100 lb. 1.35 
NER Teed ey ie eae Per 100 lb. 1.10 

Sodium nitrate (NaNO;)— 

Refined (gran.) in bbls.......... Per 100 lb. 2. 50-2. 90 


95% and 97% 


Special Materials 


plus charge for bags 











Carlots 

Aluminum hydrate (Al (OH)3).............. Ib. aod 
Aluminum oxide (A1gO3)..............0000 Ib. .04 
Antimony oxide (SbzO3).................2.- Ib. 11% 
Arsenic trioxide (As,O3) (dense white) 99%. . . Ib. . 03 
Barium nitrate (Ba(NO 2)... ...........0-- Ib. 
Nepheline syenite— 
Pyrophyllite, Standard Grade.............. Ib. 9.00 
Rutile (TiO) powdered, 95%............... Ib. . 0844-0914 
Sodium fluosilicate (NaSiFs)............... Ib. .05% 
Tin Oxide (SnO3) in bbis................... Ib. 
Zinc Oxide (ZnO) 

American process, Bags................ Ib. 06% 

White Seal, 150 Ib. bbis................ Ib. 0834 


Refined Granular (Milled .01-.02c higher). 
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Commercial, Gran. (Milled .02}4-.02}4 higher) 


07% 


02% 






Less Carlots 


07 -.08 


.03% 
-05 


06% 










073% 





Coloring Materials 


Barium selenite (BaSeOs).............2245- Ib. 

(Commercial, 25% Selenium). ............ Ib. 
Cadmium sulphide (CdS)...............:- lb. 
Chromite (99% through 200 mesh) .......... Ib. 
Cerium hydrate— 

100 Ib. drums and 600 Ib. barrels........ Ib. 
Chrome Oxide Green, 400 Ib. bbls. .......... Ib. 
Cobalt oxide (Co,03) 

Bs 06 6:06 be avteeek 350 Ibs. or more, |b. 

Less than 350 Ibs., Ib. 
Copper oxide— 

Se IE 5 jinn Gdac ta he whscdcuews read Ib. 

NG o's CA4 Cdduws 60 aces ances Ib. 

PO IND, eo piccic ven boscccvscceuse Ib. 
Iron Oxide— 

Sy a bon v i tibd Bete eo0dyein deks Ib 

NS RRR TE: Pee oe Bes ae Ib 


Lead Chromate (PbCrO,4).............0045. Ib. 
Manganese, Black Oxide 
SSS i ane epee ee So ton 
EI ie ae casdet.cu cece wees ton 
SM Sabre dete tedeeachsetwe ste he ton 
Neodymium oxalate, 50 Ib. drums........... Ib. 
Nickel oxide (NigO3), black................- Ib. 
Nickel monoxide (NiO), green.............. Ib. 
Potassium bichromate (KoCreO7)— 
iacks Sicbhcedbnkiee eR ines ood es Ib 
Ma acewetevaseriterasddestacas Ib 


Potassium Chromate (K2CrO,) 100 Ib. kegs. .. Ib. 


PE WR kc dct case ind dee eer ebeN ee. Ib. 
Rare earth hydrate— 
PR GR aS iccepedsudvcddusast ba Ib. 
PP NG ovis ht bandon hesasased Ib 
Selenium (Se) In 100 Ib. lots................ Ib. 
Dee PN II a. otis os Sc cose asics ede Ib. 
Sodium bichromate (NagCrO7).............. Ib. 


Sodium chromate (NaeCrO,) Anhydrous...... Ib. 
Sodium selenite (Na2SeO3).............2005- 


Sulphur (S)— 
errr ree Per 100 Ib. 
Flowers, in bags. .........-.0: Per 100 Ib. 
Flour, heavy, in 250 Ib. bbls... .. Per 100 Ib. 


Uranium oxide (UQ,) (black, 96% U20g¢) 100 
es MC MES thes neo es wick ee banede.ek one Ib. 
NT GING én dc vo sce Abin cha ccunese Ib. 


Polishing Materials 


Emery, Turkish 


Pumice Stone, 
American Ground Italian FFF, FF, F.. . .Ib. 
MeN Pile APA vie.b 0.0600 aes Fala shad eese oe 


Putty Powder 


CURRENT PRICES OF GLASS-MAKING MATERIALS 


FURNISHED BY PRODUCERS, MANUFACTURERS AND DEALERS 


Carlots 


37.00 


"104% 


57.50 
59.50 
61.50 


88k 


Carlots 
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Less Carlots 
1.40-1.60 
-90 


1.05-1.20 
40.00 


. 60 
-21-.26 


60. 50-65. 50 
62. 50-67. 50 
64. 50-69. 50 


. 2075-.2125 











Less Carlots 
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AIR DUSTING GUN 


A new air dusting gun, said to have an 
air capacity equal to that of a large 
standard model duster yet small enough 
to be held completely within the hand, 
has been developed by the DeVilbiss 
Co.. Toledo. High pressures direct 
from a main air line or lower pressures 
may be used in operating the duster, 
which has an air consumption of 13 
cubic feet at 80 pounds pressure. And 
the new straight line design puts the 
nozzle practically in line with the air 
hose, permitting use of the tool in close 
quarters without kinking or bending the 
hose. 

Exterior parts of the gun are dull 
nickel plated, rounded to fit the hand 
comfortably. The air valve spring is 
cadmium plated to prevent rusting. 

Complete details about this Type 
DGA air dusting gun may be secured 
by writing the DeVilbiss Co. 


NEW REFRACTORY 


A new refractory recently placed on 
the market by Laclede Christy Clay 
Products Co., St. Louis, Mo., com- 
bines the high refractoriness of the 
diaspore clay with the extreme spalling 
resistance of the super-duty fire-clay 
brick. Known as Laclede Peerlac, the 
new refractory is power-pressed, non- 
spalling, non-shrinking and slag-resist- 
ing. Its use is indicated where very 
high temperatures are combined with 
sudden temperature fluctuations, heavy 


loads, or the action of destructive 
slags. Peerlac brick is carried in 
stock in 9 in. and 9 in. series. Special 


shapes can be made in almost any 
design. A four-page bulletin giving 
detailed information about the proper- 
ties and uses of the new refractory is 
available. 


N. I. A. A. SURVEY 


The National Industrial Advertisers As- 
sociation, Inc., reports that its annual 
advertising budget survey will soon be 
ready for distribution not only to its 
members but to 2,000 additional indus- 
trial firms as well. While the question- 
naires are valuable from an information 
point of view, the answers arrived at 
also serve as a valuable check list for 
the advertiser and will contribute to a 
specific knowledge of just where the 
advertising dollar goes. Questionnaire 
forms can be obtained from the Na- 
tional Industrial Advertisers Associa- 


tion, 100 E. Ohio St., Chicago. 
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EQUIPMENT AND SUPPLIES 


DRAKENFELD APPOINTS 


J. E. Ablard has been appointed by the 
Drakenfeld Co., New York, to take 
charge of the company’s developments 
in physical chemistry. Dr. Ablard, a 
graduate of the University of Washing- 
ton, received his doctorate of science in 
physical chemistry at the Carnegie In- 
stitute of Technology. With the appoint- 
ment of Dr. Ablard, the Drakenfeld Co. 
now has 18 chemists employed in con- 
trol, research and service work at their 
Washington, Pa., plant. 


APPOINTS AGENTS 


General Refractories Co., Philadelphia, 
have announced the appointment of the 
following representatives: Slip Not 
Belting Co., Kingsport, Tenn., as dis- 
tributors in that vicinity; Fleck Co., 
Camden, N. J., in Camden and Burling- 
ton counties; New England Brick Co., 
Boston, in that vicinity; Lusco Brick 
& Stone Co., Kansas City, Kans., in 
that vicinity. 


LEWIS-SHEPARD JACK- 
MASTER SYSTEM 


Lewis - Shepard Sales Corporation, 
Watertown, Mass., announces a newly- 
designed materials-handling system, 
called the Jackmaster System and con- 
sisting of a semi-live skid and a two- 
wheel lifting unit. The lifting unit 
has arc-welded construction and is 
equipped with large dual wheels 
mounted on roller bearings. Lifting is 
accomplished with a single direct- 
action stroke of the handle. The 
carrying platform follows the com- 
pany’s patented construction, having a 
smooth hardwood top entirely sur- 
rounded with an arc-welded frame. The 
platform wheels are equipped with 
pressure lubrication and roller bear- 
ings. Circular No. 606 describes the 
new system in detail. 


BULLETINS RECEIVED 


Reeves Pulley Co., Columbus Ind. A 
new 124-page catalog (No. G-384) de- 
scribes the complete line of Reeves 
variable speed control equipment in one 
compact easy-to-use volume. 


Link-Belt Co., 307 N. Michigan Ave.. 
Chicago. A 32 page, illustrated cata- 
log, No. 1510, contains ideas and sug- 
gestions for cutting handling costs in 
the power plant by means of elevating 
and conveying equipment, coal crush- 
ers, etc. 


The Fairbanks Co., 393 Lafayette St.. 
New York. Catalog No. 52 gives 48 
pages of illustrations and data about 
hand trucks, paltform trucks, casters 
and wheelbarrows, as used in a great 
variety of industrial plants, ware- 
houses and other institutions. Catalog 
No. 53 is a 24-page illustrated book 


devoted to the complete line of indus- 
trial truck casters and wheels. Full in- 
formation about sizes, capacities and 
application are given. 


Mine Safety Appliances Co., Pittsburgh, 
has just issued a new informative bulle- 
tin describing their specially designed 
bulletin boards for safety and general 
bulletins. 


Wickwire Spencer Steel Co., 41 East 
42nd St., New York, N. Y. A new 
50-page Chain Link Fence catalog con- 
tains over 60 illustrations of fence for 
sports, industrial, residential and in- 
stitutional property. Numerous dia- 
grams, charts and drawings showing 
construction and specification details 


provide sufficient data for placing 
orders or securing quotations. 
Sullivan Machinery Co., Claremont, 


H. Bulletin 87-U. A four-page 
folder fully illustrated describes the fea- 
tures of the Sullivan automatic “Adjust 


O-Feed.” 


EXHAUST FAN 


A new exhaust fan, designed for use 
wherever vapor, fume or dust condi- 
tions prevail, has recently been an- 
nounced by The DeVilbiss Co., Toledo. 
Designated Type JG, these fans are 
available with either 14-hp. or 14-hp. 
direct-connected motors, the former 
having a two-bladed fan with a ca- 
pacity of 5,250 cu. ft. per min., and 
the latter a four-bladed fan with a ca- 
pacity of 6,350 cu. ft. per min. The 
fan speed in both sizes is 1,725 r.p.m. 
The motors are ball-bearing and ex- 
plosion-proof and the fans can be in- 
stalled in window, wall or ceiling open- 
ings. The ring and framework are 
made of cast iron, the air-foil type 
fan blades being made of highly pol- 
ished aluminum to provide adequate 
draft with small size and weight. A 
one-piece, galvanized, wire-screen 
safety guard is provided. 
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"THERE is more to the story 
of Wissco Belts than just 
‘longer service”. They carry 
more load because the de- 
sign gives better bottom sup- 
port for each piece, they 
travel smoothly, thus reduce 
tipping, so can be loaded 
closer. Write today for in- 
formation concerning special close weaves 
for small ware. 


WICKWIRE SPENCER STEEL COMPANY 


41 EAST 42nd STREET, NEW YORK CITY 
BUFFALO © WORCESTER © CHICAGO © SAN FRANCISCO 


Send for this new Conveyor Belt Handbook 
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WICKWIRE SPENCER STEEL COMPANY 
41 E. 42nd St. New York, N. Y. 


Please send me a copy of your new Conveyor Belt Handbook 
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GLASS MOLD CAST IRONS 

(Continued from page 313) 

will be either sand or chill cast, kept as machinable as 
possible and toughened with alloy for resistance to de- 
terioration by heat and wear. The grading system shown 
at the bottom of Tables I and II may be useful as a guide 
toward the selection of suitable cast irons. Where empha- 
sis upon some specific property of cast iron is desired the 
selection can be governed accordingly. By these means 
the mystery and confusion surrounding the application 
of cast iron to mold problems can be lifted and economy 
through improved or increased production achieved by 
classification and specification. 


STANDARD METHODS FOR MEASURING HARD. 
NESS NO LONGER SUFFICIENTLY EXACT 
Speaking on June 30th before the annual meeting of the 
American Society for Testing Materials at Atlantic City, 
J. S. Vanick of the development and research division, 
The International Nickel Co., Inc., pointed out that alloy 
steels and alloy cast irons are now being produced with 
hardness values approaching so closely that of the dia- 
mond that standard methods of measuring hardness of 
metals are no longer sufficiently exact to meet modern 

industrial requirements. 


THE ROLE OF GASES IN GLASS: II 

The second in the series of articles on “The Role of 
Gases in Glass,” W. Weyl and A. G. Pincus of the Penn- 
sylvania State College will appear in the September issue 
of the Gass INnpustry. It will cover carbon dioxide evo- 
lution and methods of following reactions in the batch. 
The first article, which appeared in the July issue, dealt 
with the problem of oxygen. 








_A few copies left 


GLASS TANK 
| FURNACES 
By Samuel R. Scholes 


The only book in the English language 
devoted entirely to glass tank furnaces, it 
describes the most modern practices relat- 
ing to design, construction, operation, be- 
havior and economy of glass tanks. 


An interesting and useful book for both 
the plant executive and technologist. 


THE GLASS INDUSTRY 
11 West 42nd Street, New York, N.Y. 


*Orders for books originally intended for Japan have 
had to be cancelled due to difficult regulations re- 
cently imposed. The last few copies are therefore 
available. The price, $3.50, foreign, $4.00. Orders should 
be mailed promptly to THE GLASS INDUSTRY. 
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THE ROIRANT “ace MACHINE 


assures quality and 


From installation through to actual production opera- 
tions the Roirant “A 6” has been proved to be the most 
economical and efficient suction type bottle machine. 
The development of the intermittent motion revolving 
pot located within the furnace enables the Roirant “A 6” 
to offer many advantages; a few are as follows: 


1. 


Glass surface and parison mould are immo- 
bile at moment of suction—insuring greater 
homogeneity of glass. 


Due to immobility of machine and revolving 
pot diameter of the latter is independent of 
suction time—hence pot diameter has been 
considerably reduced. 


This reduction in pot diameter makes possible 
installation of the revolving pot within the 
melting tank. The metal therefore is con- 
tinuously exposed to the regular and most 
suitable working temperature of the refining 
tank—the desirable condition of the glass 
normally destroyed through repeated suc- 
tions is re-established at constant intervals. 
(See illustration). 


Utilizing the melting tank heat volume to 
maintain the working temperature assures 
important savings in fuel consumption. In- 
clusion of revolving pot in the tank eliminates 
complicated installation costs. 


Highest efficiency in maintaining working 
temperature of glass in pot is obtained 
through control of relative speed ratios of 
combined machine and revolving pot. The 
latter makes only a small fraction of rotation 
to each complete revolution of the parison 
mould table. 





economy 





Position of the 4« 6-24 drawing spots 1 to 24 in the revolving 
pot after four complete revolutions of the parison mould table 


O suction spots 1 to 6~ first revolution of the parison 
mould table 2 

ie) suction spots 7 to 12 = second revolution of the parison 
mould table 2 

© suction spots 13 to 18 = third revolution of the parison 
mould table 2 

@ suction spots 19 to 24 - fourth revolution of the parison 
mould table 2 


etc. 


SOCIETE CONTINENTALE 
D’APPAREILS MECANIQUES 
POUR LA VERRERIE S. A. 


BASEL, SWITZERLAND 
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Gunite 


Bottle Moulds 


for Lower 
Production Costs 


GUNITE is of just the right hardness for glass mould 
use. This quality facilitates easy machining and offers 
a density at all points, assuring a metal which will 
take a brilliant polish. Chipping at exposed corners 
is reduced to a minimum in the machining operation. 


Fifteen years of research and five years of testing 
under actual operating conditions are responsible 
for GUNITE’S superiority for glasshouse castings. 


Excellent thermo-conductivity, resistance to heat 
fatigue, freedom from foundry defects and long life 
are a few of the plus values of GUNITE. Our booklet 
will give you all the facts and a description of the 
complete line of GUNITE glasshouse castings. May 
we send you a copy? 


GUNITE 


FOUNDRIES CORPORATION 
ROCKFORD ILLINOIS 


Established 1854 





Blue glass bottles are familiar 

sights in drug stores where 

af they are sold in quantities 

with contents that are good 

for what ails you. A as part of the product of Maryland 

Glass Corp. consists of blue glass es of the character- 

istic rich, deep color. The molds for many of them are 

made on Gorton Duplicators. For the reason, let's take a 

look in the time book of the Mould Shop foreman on a 

typical case like this 32 oz. Milk of Magnesia bottle. 

The moulds for this bottle were produced on the Gorton 
Duplicator in half the time formerly required. 





Produced on a Gorton Duplicat 
Duplicator By Previous 
ime Total lethods 











Bottle Moulds, 9 halves....| 28 hrs. 182 hrs.| € 
Bottom 4 


27 
14 122 
46 hrs. . . | 331 brs. 


























THE SHARP-SCHURTZ 
CoMPANY 


CHEMISTS AND CONSULTING 
ENGINEERS 


FOR THE GLASS INDUSTRY 


LANCASTER, OHIO 














GLASS SPECIALTIES 


Transparent Colored Blown Sheet Glass 
Solid Pot Opal Blown Sheet Glass 
Flashed Opal Blown Sheet Glass 
Colonial Antique Colored Glass 
Heat-Ray Resisting (Cool Glass) 2 
“TWIN-RAY”—the 

scientific illuminating ‘ 

glass. 


HOUZE 
CONVEX GLASS CO. 
Point Marion, Pennsylvania 


New York Office: 110 West 40th St. 
Chicago Office: 1597 Merchandise Mart 


“TR IT’S MADE OF GLASS, ASK US FIRST” 
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OIL FIRED 
TANK FURNACES 


produce 
1 TON GLASS 





per 


40 GAL. OIL 
Designed and Built by 


119 Federal Street 


Cable Address “’Forter’’ 





FORTER- TEICHMANN Co. 


Pittsburgh, Pa. 
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)| THE HOUSE OF HOMMEL I 
SUPPLIERS OF ALL CERAMIC WEEDS 


‘) a 


GLASSMAKERS 


Chemicals — Colors 


SUPPLIES 


‘ 


A complete line of quality 
materials 


Immediate shipments 


O. HOMMEL Co. 


Pittsburgh, Pa. 


YAOLo Ee olebanemm. OA -3 ene l= 


LET OTHERS IMITATE WE ORIGINATE 


Pacific Coast Agents 


L. H. BUTCHER CO. 


Les Angeles - Salt Lake City - San Francisco - Portland - Seattle 

















QUALITY 


The silent efficiency of modern glass is usually 
taken for granted. But modern glass for bottles, 
building bricks, better lenses, windshields, glass cloth 

. requires methods of processing that were un- 
known a century ago. 


In this age of specialty, technicians must be able 
to depend on the quality, the specified grade, the 
purity of raw materials they use in making glass. 
Solvay products are dependable and uniform. They 
have withstood the challenges of the advancements 
in the art of glass making for over a half century . . . 
they match the requirements of today’s high standards! 

Write for complete information on: 
Solvay Dustless Dense Soda Ash (more than 99.50% 
Sodium Carbonate on a dry basis) - Solvay Ground 
Caustic Potash - Solvay Potassium Carbonate 


(Dustless Calcined 98-100%, also Granular S 
Hydrated 83-85%). 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by 
The Solvay Process Company 


40 RECTOR STREET NEW YORK, N. Y. 


BRANCH SALES OFFICES: 


BOSTON CINCINNATI NEW ORLEANS 
CHARLOTTE CLEVELAND NEW YORK ST. LOUIS 
CHICAGO DETROIT PHILADELPHIA SYRACUSE 


i Le ne 


58% DUSTLESS DENSE 


Soda Aste 








For Better Glassware at 
Lower Cost 


Distinctive appearance in glassware is just as im- 
portant as those more tangible requirements— 


durability and strength. 


Glassware with the latter qualities may be obtained 
with almost any mould metal but only MIN-OX 
Moulds assure sparkling brillance, smooth finish 
and detail of des ign—in short, attractive, saleable 
glassware. 


In production MIN-OX is more economical— 
giving longer life, requiring fewer cleanings with 
fire-finishing practically eliminated. 


Use MIN-OX for greater profits—through in- 
creased sales and lowered costs. 








PRODUCE GOOD GLASSWARE 











TOMOCO MOULDS 





@ The above group is a partial showing 
of the various types of bottles made with 
Tomoco moulds. 


THE TOLEDO MOULD COMPANY 
1920 CLINTON STREET 
Toledo, Ohio, U.S.A. 
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WALSH 
CAST-FLUX 


The Vacuum- 
east flux block 
of superior 
quality. 


Walsh Cast - Flux 
blocks are ma- 
chine-trued to ex- 
act size and shape 
after burning. 





THEY LAST LONGER 


The excellent results obtained in numerous 
tanks melting various types of glass has defi- 
nitely established the efficiency and economy 
of Walsh Cast-Flux blocks. 


Walsh Cast-Flux has a dense, uniform struc- 
ture; it is burned at higher temperatures, is 
thoroughly bonded and possesses a low coefh- 
cient of expansion. 


Walsh Cast-Flux blocks meet the most rigid 
requirements for tanks operating at higher 
temperatures . . . they insure greater tonnage, 
higher quality glass, freedom from defects, 
longer life and maximum economy. 


WALSH REFRACTORIES 
CORPORATION 


Manufacturers of Refractories for the glass industry 
for over 50 years 


4428 North First Street 
St. Louis Missouri 
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BEFORE BUYING 
ANY MIXER 


CONSIDER THESE FACTS 


ANSOME has had 88 years of 

experience designing and building 
mixers to meet every type of mixing 
problem—and is now offering.more ad- 
vanced features in design, construction 
and dependable, economical operation 
than ever before. 






























Learn all about them by writing for the 
latest bulletin which also describes and 
shows the famous RANSOME Mixing 


Action. 
Send for it TODAY ! 


Industria! Division 
RANSOME 


CONCRETE MACHINERY CO. 
DUNELLEN, NEW JERSEY 






A 4 ivy : 
Specialized 
MIXERS 
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@ Mixed batch storage in movable 
containers: such is possible with 
Cleveland Tramrail: voiding the 


need of a continuously operated < 
Batch System for constant tank 
feeding. 4 


@ Movable storage at the dog 
house can be advanced one bucket 
at a time, just as needed, by a push 
on the button. 


‘ie wei 


@ Undercertain conditions a Cleve- 
land Tramrail System lends itself 


to automatic operation. 
w 





Consult your phone directory under 
Cleveland Tramrail. 








CLEVELAND GQ 
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‘THE CLEVELAND CRANE & ENGINEERING (0, . 
1161 Depot Street { 
‘iano: Oma 
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or all types of glass decoration 
METALLIC OXIDES AND CHEMICALS Ns 











Alumina Manganese Dioxide 
Antimony Magnesium Carbonate 
Arsenic Neodymium Oxalate 
Barium Carbonate Nickel Carbonate 





Bone Ash Nickel Oxides 

Boracic Acid Nickel Sulphate 

Borax Polishing Rouges 
Cadmium Carbonate Potassium a 


Cadmium Oxide . . 
Cadmium Sulphide Potassium Chromate 


Cerium Hydrate Powder Blue 
Chrome Oxide Green Putty Powders 
Cobalt Oxide Black Rutile Powdered 
Copper Carbonate Selenium ts 


Copper Oxides 





+ 





Sodium Selenite 


Glass Decolorizers Sodium Silico Fluoride 
Iron Chromate Sodium Uranate 
Iron Oxides Titanium Oxide 
Iron Sulphide Uranium Oxide 
Lead Chromates Whiting 
Lepidolite Zinc Oxides 
Manganese Carbonate Zirconium Oxide 
GOLD. . . SILVER. . . PLATINUM LUSTRE PREPARATIONS 





Printing Tissues — Etching Supplies — Oils — Mediums — Banding 
Wheels—Brushes—Palette Knives—Perfection Portable Decorating 
Kilns—Silk Bolting Cloth—Spraying Equipment—Grinding Mills. 





ESTABLISHED 1869 


seis ia anas B. F. DRAKENFELD & CO. INC. 


Specialists in Colors, Metallic 45-47 PARK PLACE, NEW YORK, N. Y. 
Ten ASS pDUSTRY BRANCHES: East Liverpool, Ohio . . Chicago, Ill . . WORKS: Washington, 

















Pa. PACIFIC COAST AGENTS: Braun Corp., Ltd., Los Angeles . . Braun- 
Knecht-Heimann Co., Ltd., San Francisco. 
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THE OTTAWA SILICA CO|MPANY 


OTTAWA, 
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Calcimag is granular... 
stands up in storage. 
It is uniform ... reduces 


segregation. It is easy 


i 
a’ 
yn 


to handle... your men 
will like it. It melts 
more easily... lowers 


production costs. 


HANNA BUILDING 
CLEVELAND, OHIO 4 
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Blocks 
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Laclede-Christy Tank Blocks embody all that has 
been learned through many years of constant 
research in our own laboratory; plus the benefit 


of a 20-year Fellowship in the Mellon Institute. 











